^ 


Bulletin  4JL 

DEPARTMENT   OF   THE    INTERIOR 
BUREAU    OF    MINES 

JOSEPH  A.  HOLMES,  Director 


THE  SELECTION  OF  EXPLOSIVES 

USED  IN 

ENGINEERING  AND  MINING  OPERATIONS 


7# 

Ut  clarence  hall 

spencer  p.  howell 


BY 


AND 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1913 

- 


V* 


**♦ 


Bulletin  48 


DEPARTMENT   OF   THE    INTERIOR 
BUREAU     OF     MINES 

JOSEPH  A.  HOLMES,  Director 


THE   SELECTION   OF   EXPLOSIVES 


USED  IN 


ENGINEERING   AND  MINING  OPERATIONS 


BY 

CLARENCE   HALL 

AND 

SPENCER    P.  HOWELL 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1913 


First  edition,  February,  1013. 


CONTENTS. 


Page. 

General  statement 3 

Explosives  used  in  quarry  operations 4 

Black  blasting  powder 4 

Gases  and  pressure  produced  on  explosion 5 

Time  factor 5 

Granulated  nitroglycerin  powders 6 

"Straight "  nitroglycerin  dynamites . 7 

Low-freezing  dynamites 7 

Ammonia  dynamites 8 

Gelatin  dynamites 8 

Explosives  used  in  mining  and  tunneling  operations 9 

Products  of  explosion 9 

Formula  for  a  mine  explosive 11 

Mine  tests 12 

Tests  in  a  limestone  mine 12 

Tests  in  a  zinc  mine 14 

Conclusions 16 

Gases  evolved  in  the  burning  of  explosives 16 

Chemicals  proposed  for  neutralizing  poisonous  gases 18 

Explosives  for  use  in  gaseous  or  dusty  coal  mines. 21 

Permissible  explosives 21 

Explosives  used  in  submarine  operations 22 

Method  of  blasting  followed  at  Lock  No.  1,  Monongahela  River 22 

Tests  of  electric  detonators 23 

Tests  of  explosives 26 

Tests  of  explosives  in  a  frozen  and  in  a  thawed  condition 28 

Tests  of  explosives  in  a  dry  and  in  a  wet  condition 31 

Series  A 32 

Series  B 32 

Series  C 33 

Series  D 33 

Series  E 33 

Ballistic-pendulum  tests 34 

Small  lead  block  tests 35 

Practical  conclusions , .  36 

Tests  of  effect  of  superincumbent  material 37 

Determination  of  the  relative  energy  and  efficiency  of  explosives 39 

Measurement  of  potential  energy 40 

Calorimeter 41 

Measurement  of  disruptive  effect 41 

Mettegang  recorder 41 

Detonating  fuse  (cordeau  detonant) 42 

Trauzl  lead  blocks 43 

Small  lead  blocks 43 

Measurement  of  propulsive  effect 44 

Bichel  pressure  gages 44 

Ballistic  pendulum 45 

Comparison  of  explosives  as  to  energy 47 

Practical  value  of  physical  tests 48 

Publications  on  mine  accidents  and  tests  of  explosives 49 

i 


ILLUSTRATIONS. 


Page 

Plate  T.   A,  Small  lead  block  tests  of  four  explosives  freshly  thawed;  7?,  small 

lead  block  tests  of  four  frozen  explosives  in  a  fresh  condition; 

C,  small  lead  block  tests  of  four  frozen  explosives  with  2|  per 

cent  of  water  added;  2),  small  lead  block  tests  of  four  frozen 

explosives  with  5  per  cent  of  water  added 30 

II.  A,  Small  lead  block  tests  of  four  explosives  as  received;  B,  small 
lead  block  tests  of  four  explosives  soaked  in  water  for  one  hour 
in  their  original  wrappers;  C,  small  lead  block  tests  of  four  ex- 
plosives slitted  and  then  soaked  in  water  for  one  hour;  D,  small 
lead  block  tests  of  four  explosives  soaked  in  water  for  eight  and 
one-half  hours  in  their  original  wrappers;  E,  small  lead  block 
tests  of  four  explosives  slitted  and  soaked  in  water  for  eight  and 

one-half  hours 36 

III.   A,   Limestone  blocks  before  tests;  B,  results  of  adobe  tests;  C,  re- 
sults of  block-hole  tests 38 

Fig  u  r  e  1 .  Arrangement  of  drill  holes  in  experiments  in  a  limestone  mine.    Plan .         1 3 

2.  Arrangement  of  drill  holes  in  experiments  in  a  limestone  mine.    Posi- 

tion of  holes  in  front  elevation  A-B  of  face 13 

3.  Arrangement  of  drill  holes  in  experiments  in  a  zinc  mine.    Front  vie  \v 

of  face 16 

4.  Arrangement  of  drill  holes  in  experiments  in  a  zinc  mine.    Section 

through  face 17 

5.  Arrangement  of  electi'ic  detonators  to  determine  whether  a  shunt  of 

river  water  affected  their  detonation 

(').  Equipment  used  in  tests  to  show  the  effect  of  surrounding  medium 

on  compression  of  small  lead  blocks  by  an  explosive 

7.  Comparative  energies  of  commercial  explosives 48 

H 


THE  SELECTION  OF  EXPLOSIVES  USED  IN  ENGINEERING 
AND  MINING  OPERATIONS. 


By  Clarence  Hall  and  Spencer  P.  Howell. 


GENERAL   STATEMENT. 

This  bulletin  deals  with  the  characteristic  features  of  the  principal 
explosives  used  in  mining  and  engineering  operations,  and  espe- 
cially with  the  tests  that  show  the  suitability  of  different  classes  of 
explosives  for  different  kinds  of  work.  The  Bureau  of  Mines  pub- 
lishes the  report  as  one  of  a  series  dealing  with  tests  of  explosives 
and  methods  of  reducing  the  risks  involved  in  the  use  of  explosives 
in  mining  operations. 

The  application  of  explosives  to  engineering  and  mining  opera- 
tions has  increased  rapidly  in  recent  }rears.  According  to  a  pre- 
liminary report  issued  by  the  Bureau  of  the  Census,  469,000,000 
pounds  of  explosives  was  manufactured  in  this  country  during  the 
year  1909,  and  the  greater  part  of  this  production  was  used  for 
industrial  purposes. 

In  large  engineering  projects  and  in  mining  operations  requiring 
the  use  of  explosives  the  selection  of  a  suitable  explosive  from  the 
many  varieties  offered  for  sale  is  of  fundamental  importance.  Vari- 
ous considerations  are  involved  in  the  selection  of  an  explosive  of 
proper  class  for  the  blasting  to  be  done.  Many  explosives  suitable 
for  quarry  work  are  unsuitable  for  use  in  deep  mines  or  in  close 
workings.  In  metal  mining  and  in  driving  tunnels  the  character  of 
the  gases  evolved  by  the  explosive  on  detonation  is  an  important 
consideration.  An  explosive  for  use  in  gaseous  or  dusty  coal  mines 
must  be  formulated  and  compounded  so  that  its  flame  temperature 
and  the  height  and  duration  of  its  flame  are  reduced  enough  to  per- 
mit its  being  used  with  comparative  safety.  In  wet  workings  or  in 
submarine  blasting  explosives  impervious  to  moisture  are  requisite. 
In  extremely  cold  climates  explosives  that  do  not  require  thawing 
are  desirable,  provided  they  are  equally  good  in  other  respects.  An 
essential  requirement  of  all  explosives,  especially  of  those  for  use  in 
tropical  countries,  is  that  they  shall  remain  stable  without  change 

in  chemical  or  physical  characteristics. 
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4  SELECTION    OF   EXPLOSIVES. 

Because  of  the  varying  conditions  in  the  different  projects  on  which 
explosives  are  used,  it  is  necessary  to  emphasize  the  fact  that  some 
characteristics  of  explosives  are  of  much  importance  in  certain 
classes  of  work  and  of  little  or  no  importance  in  others. 

i:\PLOSlVES   USED    IN   QUARRY  OPERATIONS. 

Practically  every  class  and  every  grade  of  commercial  explosive 
are  used  in  open-air  work  to  meet  varying  conditions.  In  breaking 
down  rock  in  quarries  the  explosives  generally  employed  arc:  Black 
blasting  powder,  granulated  nitroglycerin  powder  containing  5  to  15 
per  cent  of  nitroglycerin,  "straight"  nitroglycerin  dynamites  con- 
taining 15  to  60  per  cent  of  nitroglycerin,  low-freezing  dynamites 
commercially  rated  according  to  the  equivalent  percentage  of 
strength  of  the  " straight"  nitroglycerin  dynamites,  and  ammonia 
dynamites  rated  in  a  similar  way.  In  recent  years  blasting  gelatin, 
gelatin  dynamites,  ammonium-nitrate  powders  containing  nitro- 
substitution  compounds,  chlorate  powders,  and  the  so-called  nit 
starch  powders  have  been  used  to  a  small  extent  in  quarry  work. 

BLACK  BLASTING  POWDER. 

Black  blasting  powder  is  a  mechanical  mixture;  it  consists  of  finely 
pulverized  sodium  nitrate  intimately  associated  with  combustible 
materials.  This  intimate  association  of  the  materials  is  brou 
about  by  thoroughly  mixing  and  incorporating  them  in  what  . 
technically  termed  wheel  mills.  The  product  is  pressed  into  hard 
cakes,  which  are  subsequently  broken  into  small  grains.  The 
powder  is  then  put  in  a  revolving  barrel  where  the  grains  are 
rounded  by  rubbing  together,  and  at  the  same  time  are  coated  with 
graphite  or,  as  the  operation  is  often  termed,  ''glazed."  The 
object  of  rounding  and  glazing  the  grains  is  to  render  them  free-run- 
ning; the  glazing  also  serves  to  delay  somewhat  their  taking  up 
moisture  from  the  air. 

The  f:>llowing  is  the  composition  of  the  black  blasting  powder 
that  is  generally  offered  for  sale  in  this  country: 

Composition  of  commercial  black  blasting  p 

rcoal 16 

Sulphur 11 

Sodium  1 1  it  rat  o 7:'. 


a  100 


The  powder  is  divided  into  si/.  ording  to  diameter  oi  grain, 

the  sizes  being  separated  and  collected  by  sieves  "I  different  mesh. 
The  sizes  most  usually  offered  for  sale  are  called  CC,  C,  F,  FF,  F3 
and  FFFF.     Of  these  ('•  ;ds  the  Largest  grains,  about  one- 


"  A  small  percentage  of  water  is  Included. 
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half  inch   in   diameter,   and    FFFF   represents  the  smallest  grains, 
about  one-sixteenth  inch  in  diameter. 

GASES  AND  PRESSURE  PRODUCED  ON  EXPLOSION. 

• 

When  blasting  powder  is  ignited  in  a  drill  hole  a  rapid  combustion 
takes  place,  and  it  is  the  pressure  of  the  highly  heated  gases  formed 
that  disrupts  the  rock.  It  has  been  found  that  150  liters  (5.30  cu. 
ft.)  of  gas  is  produced  from  454  grams  (1  lb.)  of  black  blasting  powder, 
the  gas  being  measured  at  normal  temperature  and  pressure,  0°  C, 
and  7(30  mm.  When  this  volume  is  compared  with  the  volume  of 
permanent  gases  produced  by  the  detonation  of  equal  weights  of 
nitroglycerin  dynamites,  it  becomes  evident  that  in  a  consideration 
of  the  energy  developed  by  explosives  there  are  other  factors  of  more 
importance  than  the  volume  of  permanent  gases  evolved. 

At  the  instant  of  explosion  the  gases  evolved  are  highly  heated 
and  tend  to  occupy  a  much  greater  volume  than  at  normal  tempera- 
ture and  pressure.  Since  the  maximum  theoretical  temperature 
produced  by  the  detonation  of  dynamite  is  much  higher  than  that 
produced  by  the  explosion  of  black  blasting  powder,  the  gases  evolved 
on  the  detonation  of  dynamite  are  more  highly  heated  and  tend  to 
expand  more  strongly  than  those  evolved  by  black  blasting  powder. 

TIME    FACTOR. 

The  factor  of  time  must  also  be  taken  into  account  hi  considering 
the  power  developed  by  explosives.  The  rate  of  detonation,  explo- 
sion, or  burning  determines  the  characteristic  effects  of  commercial 
explosives.  This  rate  is  the  governing  factor  in  judging  relative 
efficiency,  and  offers  the  best  basis  for  selecting  explosives  suitable 
for  various  mining  conditions.  The  shattering  effect  of  sudden 
pressure  on  a  given  substance  is  very  different  from  that  produced 
by  an  equal  pressure  applied  slowly.  The  quicker  the  rate  of  the 
explosive  reaction  the  more  pronounced  will  be  the  shattering  effect. 
The  shattering  effect  of  a  commercial  exnlosive  depends  on  its  rate 
of  detonation. 

During  the  conversion  of  an  explosive  into  solid,  liquid,  and  gaseous 
products  the  expansion  of  the  gaseous  products  and  the  cooling  effect 
of  the  walls  of  the  drill  hole  or  other  heat-absorbent  surroundings 
tends  to  reduce  the  temperature  of  the  gases,  so  that  the  theoretical 
temperature  or  maximum  pressure  is  never  reached.  The  more 
nearly  instantaneous  the  explosion  reaction  for  a  given  explosive,  all 
other  conditions  being  equal,  the  greater  is  the  volume  of  highly 
heated  gases  it  produces  in  unit  of  time  and  the  more  violent  is  the 
effect  it  exerts. 

The  rate  of  burning  of  FF  black  blasting  powder,  as  determined  at 
the  Pittsburgh   testing  station  under  conditions  simulating  those 
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thai  prevail  when  powder  explodes  in  a  drill  hole,  has  been  found  to 
be  169  meters  (1,538  feet)  per  second.  This  rate  is  slow  compared 
with  the  rate  of  detonation  of  "ordinary"  dynamites.  Inasmuch  as 
t  he  gases  from  the  combustion  of  black  blasting  powder  form  at  such  a 
relatively  slow  rate,  the  pressures  produced  are  prolonged  and  there 
corresponding  loss  of  heat  and  pressure  from  conduction  and 
radiation.  Black  blasting  powder  is,  therefore,  best  suited  for  work 
iu  which  a  gradual  pushing  or  heaving  effect  is  desired.  In  order  to 
obtain  the  maximum  efficiency  of  black  blasting  powder  the  charge 
must  be  well  confined  by  suitable  stemming.  The  most  successful 
results  are  obtained  when  the  drill  holes  are  tamped  to  the  mouth. 

Black  blasting  powder  is  used  in  excavating  cuts,  quarrying 
soft  rock  or  stone,  and  especially  in  quarries  where  large  blocks  of 
building  stone  are  sought.  In  some  work  it  is  necessary  to  chamber 
or  hollow  out  the  bottom  of  the  drill  hole  with  dynamite  or  other 
suitable  high  explosive,  and  thus  make  a  large  cavity  at  the  point 
where  the  powder  can  be  placed  to  best  advantage.  When  drill  holes 
are  enlarged  in  this  way  they  become  hot,  hence  they  should  not  be 
loaded  immediately  after  chambering,  as  the  heat  may  explode  the 
powder  charge  prematurely. 

GRANULATED  NITROGLYCERIN  POWDERS. 

The  following  composition  is  an  example  of  a  granulated  nitro- 
glycerin powder  that  is  offered  for  sale  in  this  country: 

Composition  of  commercial  granulated  nitroglycerin  ponder. 

N  i  I  r<  >gl  v cerin 5.  0 

Combustible  material  a 35.  0 

Sodium  nitrate 60.  0 


100.0 


The  composition  of  the  basic  grains  of  granulated  nitroglycerin 
powders  is  somewhat  similar  to  that  of  black  blasting  powder. 
Instead  of  the  nitrate  and  the  combustible  materials  being  thoroughly 
incorporated,  these  ingredients  are  heated  to  a  temperature  at  which 
the  resin  and  sulphur  melt.  The  sticky  mass  formed  is  then  granu- 
Lated  by  cooling  while  being  rubbed  through  a  fine-mesh  screen. 

The  grains  produced  in  this  way  are  hard  and  porous;  they  can  be 
superficially  coated  or  have  their  interstices  fdled  with  a  small  pro- 
portion of  nitroglycerin.  To  insure  the  maximum  efficiency  of  a 
granulated  powder  it  is  necessary  to  detonate  the  charge  with  a 
priming  cartridge  of  dynamite.  The  nitroglycerin  superficially 
held  in  the  interstices  and  on  tin4  outside  of  the  powder  grains 
detonates,  and  thus  accelerates  the  combustion  of  the  grains.     The 

a  Consists  of  sulphur,  coal,  and  resin. 
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rate  of  detonation  of  granulated  powder  has  been  found  to  be  1,018 
meters  (3,339  feet  per  second),  or  more  than  twice  that  of  black 
blasting  powder.  Consequently,  granulated  powder  is  more  effective 
and  gives  better  results  than  black  blasting  powder  in  soft  and  seamy 
rock  or  in  material  that  does  not  sufficiently  confine  the  gases  evolved. 

"  STRAIGHT"   NITROGLYCERIN   DYNAMITES. 

The  following  compositions  are  examples  of  the  " straight"  nitro- 
glycerin dynamites  that  are  generally  offered  for  sale  in  this  country: 

Compositions  of  " straight"  nitroglycerin  dynamites  of  various  strengths. 


Ingredients. 

15  per 
cent. 

20  per 
cent. 

25  per 
cent. 

30  per  35  per 
cent.   cent. 

40  per 
cent. 

45  per 

cent. 

50  per 
cent. 

55  per 
cent. 

60  per 
cent. 

Nitroglycerin 

15 
20 
64 

1 

20 
19 
60 

1 

25 

18 

56 

1 

30 
17 
52 

35 
16 
48 

40 
15 

1 

45 

14 

40 

1 

50 

14 

35 

1 

55 

15 

23 

1 

60 

Combustible  material  « 

16 

Sodium  nitrate 

23 

Calcium  or  magnesium  carbonate 

1          1 

1 

100  i     100 

i 

100 

100       100 

100 

100       100 

100 

100 

a  Consisting  of  wood  pulp,  flour,  and  sulphur  for  grades  below  40  percent;  wood  pulp  only  for  other  grades. 

The  rates  of  detonation  of  30  per  cent  and  60  per  cent  "straight" 
nitroglycerin  dynamites  have  been  found,  by  tests  at  the  Pittsburgh 
station,  to  be,  respectively,  4,548  meters  (14,920  feet)  and  6,246 
meters  (20,490  feet)  per  second. 

The  "straight"  nitroglycerin  dynamites  as  a  class  develop  greater 
disruptive  force  than  any  of  the  other  commercial  types  of  explosives 
tested,  and  for  this  reason  they  should  be  used,  whenever  the  condi- 
tions permit,  for  producing  shattering  effects  or  for  blasting  very  tough 
or  hard  materials. 

LOW-FREEZING  DYNAMITES. 

If  the  "straight"  nitroglycerin  dynamites  are  found  to  be  too 
violent  for  certain  classes  of  work,  the  low-freezing  dynamites  or  the 
ammonia  dynamites,  which  have  lower  rates  of  detonation  and  hence 
less  disruptive  effect,  may  be  used  to  advantage.  The  following 
table  shows  typical  compositions  of  low-freezing  dynamites: 


('om  posit  ions  of  low-freezing  dynamites 

of  various  strengths. 

Ingredients. 

30  per 

cent 

strength. 

35  per 

cent 
strength. 

40  per 

cent 

strength. 

45  per 

cent 
strength. 

50  per 

cent 

strength. 

55  per 

cent 

strength. 

60  per 

cent 
strength. 

Nitroglycerin 

23 

7 

17 

52 

1 

26 
9 

.       16 
48 

1 

30 
10 
15 

44 

1 

34 
11 
14 
40 

1 

38 
12 
14 
35 

1 

41 
14 
15 
29 

1 

45 
15 
16 

Nitrosubstitution  compounds... 
Combustible  material  " 

23 
1 

Calcium  or  magnesium  carbon- 
ate  

100 

100              100 

100  J            100 

100 

100 

a  Composition  similar  to  that  in  the  "straight"  nitroglycerin  dynamites. 
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The  low-freezing  dynamites  have  the  advantage  of  not  freezing 
until  exposal  to  a  temperature  of  35°  F.  or  less,  but,  like  all  nitro- 
glycerin explosives,  after  they  become  frozen  they  must  be  thawed 
before  use  in  order  to  insure  the  most  effective  results. 

AMMONIA  DYNAMITES. 

The  ammonia  dynamites,  compared  with  the  other  dynamites, 
have  the  disadvantage  of  taking  up  moisture  very  readily,  because 
ammonium  nitrate  is  deliquescent,  and  care  should  be  observed  when 
they  are  stored  or  used  in  wet  places. 

The  following  table  shows  typical  compositions  of  ammonia 
dynamites: 

Compositions  of  ammonia  dynamites  of  various  strengths. 


Ingredients. 

30  per 

cent 
strength. 

35  per 

cent 

strength. 

40  per 

cent 

strength. 

50  per 
cent 

strength. 

60  per 

CC'lil 

strength. 

Nitroglycerin  

15 
15 
51 

18 
1 

20 
15 
48 
16 
1 

22 
20 
42 
15 
1 

27 
25 

36 

11 

l 

35 

Ammonium  nitrate 

24 

Combustible  material a 

10 

Calcium  carbon? te  or  zinc  oxide 

1 

100 

100 

100 

100 

100 

a  Composition  similar  to  that  in  the  "straight"  nitrogtycerin  dynamites  of  the  grades  below  40  per  cent. 

GELATIN  DYNAMITES. 

The  gelatin  dynamites  have  been  used  to  a  large  extent  in  wet 
blasting,  as  in  the  removal  of  obstacles  to  navigation  and  in  dec4]) 
workings,  and  as  a  general  rule  are  best  suited  for  these  purpo 
In  the  manufacture  of  these  dynamites  the  nitroglycerin  is  gelatinized 
by  the  addition  of  a  small  percentage  of  nitrocellulose.  The  jelly- 
like  mass  thus  formed  is  impervious  to  water.  By  the  addition  of 
different  percentages  of  suitable  absorbents  the  various  grade-  of 
these  dynamites  are  made. 

The   following   compositions    are    examples   of   gelatin    dynamites 
generally  offered  for  sale  in  this  country: 


Compositions  of  gelatin  dynamites  of  va 

strengths 

rediente. 

30  per 

(■■•lit 

1  trength. 

35  per 

cent 

strength. 

40  per 
cent 
igth. 

per 
cent 

strength. 

per 
cent 
strength. 

GO  per 

cent 

strength. 

70  i 
ogth. 

Nitroglycerin 

23.0 

0.7 

62.3 

L3.fi 

1.0 

28.0 
0.9 

68.  I 
12.0 

1.0 

33.0 

62.0 

1  1.6 
1.0 

42.0 
1.8 

10.0 

1.0 

1.7 

9.0 
1.0 

50.0 
1.9 

38  1 
9.0 
1.0 

60. 0 

N  Itrocellulose 

2.  1 

Sodium  nitrate 

Combustible  material " 

7.0 

Calcium  carl                   

1.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

unite.    Sulphur,  flour,  wood  pnlp,  i 
ed  in  othei  ae  manufacture]  mall  percentage  of  the  nitro- 

foounl  of  ammonium  nitrate.    This  replacement,  however,  o 
Lttle,  if  an;  ge  other  than  reducing  the  <■•  inufacture. 


EXPLOSIVES  USED  IN   MININU   AND  TUNNELING    OPERATIONS.  9 


EXPLOSIVES    USED    IN    MINING    AND    TUNNELING 

OPERATIONS. 

It  is  generally  recognized  that  in  driving  tunnels,  sinking  shafts, 
and  in  removing  hard  rock  in  metal  mining,  explosives  having  a  high 
disruptive  force  are  preferable.  In  work  of  this  kind  the  cost  of  drill- 
ing holes  is  an  important  item.  It  has  been  found  more  economical 
to  drill  a  few  holes  and  to  load  them  with  an  explosive  of  high  dis- 
ruptive force  than  to  drill  a  number  of  holes  and  use  weaker  and 
cheaper  explosives.  It  is  important  that  explosives  used  in  this  class 
of  work  should  produce  the  minimum  amount  of  poisonous  gases. 

From  what  has  been  said  about  the  composition  and  the  charac- 
teristics of  the  different  classes  of  explosives,  it  is  evident  that  black 
blasting  powder,  granulated  nitroglycerin  powders,  low-freezing  dyna- 
mites, and  ammonia  dynamites  would  not  be  suitable  or  satisfactory 
for  use  in  work  of  this  kind,  for  they  do  not  develop  the  requisite 
disruptive  force;  furthermore,  these  explosives,  in  common  with  the 
straight  nitroglycerin  dynamites,  produce  poisonous  gases  which 
vitiate  the  atmosphere  of  the  working  places. 

PRODUCTS  OF  EXPLOSION. 

At  the  Pittsburgh  testing  station  the  Bichel  pressure  gage,a  used 
for  determining  the  theoretical  maximum  pressures  developed  by 
explosives,  is  also  used  for  collecting  the  gaseous,  liquid,  and  solid 
products  of  explosion.  The  same  method  is  used  in  preparing  the 
charge  and  firing  as  in  determining  the  maximum  pressures  devel- 
oped, except  that  the  indicator  mechanism  then  used  is  replaced  by  a 
pressure  gage.  After  the  charge  has  been  fired,  the  gases  are  allowed  to 
cool  for  30  minutes,  the  pressure  is  recorded,  and  the  volume  of  gases 
at  standard  temperature  and  pressure  (0°  C.  and  760  mm.)  is  com- 
puted. A  differential  sample  of  the  gases  is  then  taken  over  mercury 
by  allowing  the  gases  to  escape  gradually  from  the  gage.  The  results 
of  tests  of  various  classes  of  explosives  are  tabulated  below.  A 
charge  of  200  grams  of  the  explosive  in  its  original  wrapper  was  used 
in  all  tests,  except  with  black  blasting  powder,  which  was  fired  in 
charges  of  300  grams. 

a  For  a  description  of  the  Bichel  gage,  see  Bull.  15,  Bureau  of  Mines,  p.  103. 
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Combustion  products  resulting  from  tests  of  explosives  in  thin  paraffined  paper  vr<ij>r.rs.i 

fA.  L.  Hyde,  analyst.] 


Class  and  grade 
of  explosive. 


30  per  cent  "straight" 
nitroglycerin  dy- 
namite  

40  per  cent  "straight" 
nitroglycerin  dy- 
namite  

50  per  cent  "straight" 
nitroglycerin  dy- 
namite'  

60  per  cent  "straight" 
nitroglycerin  dy- 
namite  

60  per  cent  strength 
low-freezing  dyna- 
mite  

40  per  cent  strength 
ammonia  dyna- 
mite  

40  per  cent  strength 
gelatin  dynamite  .. 
5    per   cent  granu- 
lated nitroglycerin 
powder  b 

FFF  black  blasting 
powder 


W 


Weight  of  prod- 
ucts of  combus- 
tion (grams). 


6 
G 
0 
G 
6 

G 

G 

G 


96.8 

107.4 

124. 0 

143.5 

161.5 

95.7 
9G.3 

115.5 
154.4 


102.1 
87.1 
70.3 

49.  C 

43.5 

85.9 
96.3 

93.  G 
126.9 


12.9 

12.4 

14.7 

11.9 

3.9 

26.1 
11.7 

8.3 
4.1 


G  aseous  products  (per  cent  by  volume). 


a 

a 
- 

a 
o 


22.9 

27.3 

24.4 

22.2 

8.9 

41.4 
50.8 

51.3 
49.7 


28.4 
26.9 
31.2 
34. 6 

47.  i 

3.8 
3.0 

2.7 
10.8 


0.0 
.0 
.0 
.0 


20.  G 
18.0 
20.7 
23. 2 
31.0 

3.1 

.01       1.8 

.0         .9 

.0       1 


0.7 
.4 
.  7 
.8 
.6 


27.4 
27.4 
23.0 
19.2 
12.1 


2 

"E 


45.5 
.  8     39. 5 

.  7     28.  7 
.6     28.4 


5.4 
4.1 

15. 
8.7 


Solids  (per 
cent). 


SG.73 

79. 14 

G8.  .53 

78.76 

8G.  03 
87.32 

78.00 
91.20 


12.00 
13.27 
20.86 

31.47 
21.24 
13.97 


85.8 

88.5 

105.5 

128.9 

169.5 

G5.  G 
80.  3 


22.00     (il.G 


8.  80 


• ;  - 


a  Th.p  explosives  named  in  this  table  are  not  of  the  same  formulas  as  those  in  Hie  tables  on  pages  8  and  9. 
'  Primer  of  40  per  cent  "straight"  nitroglycerin  dynamite,  representing  10  per  cent  by  weight  of  the 
•  .  was  used,  but  the  gases  evolved  bv  the  dynamite  were  deducled  in  the  computations  of  t!> 
ume  of  gas  (liters). 

ck-powder  igniter  used. 

The  test  results  tabulated  above  show  that  gelatin  dynamites 
detonation  produce  the  smallest  percentage  of  poisonous  gases  (carbon 
monoxide  and  hydrogen  sulphide).  However,  even  that  class  of 
explosives  is  far  from  being  satisfactory  in  this  respect.  Neverthe- 
less, the  gelatin  dynamites  are  largely  used  in  this  country  in  metal- 
mining  and  in  tunneling  operations. 

The  ventilation  in  many  metal  mines  and  tunnels  is  defective,  and 
the  use  of  large  quantities  of  explosives  is  necessary.  Numerous 
accidents  in  deep  workings  have  occurred  from  air  vitiation  caused 
by  the  poisonous  gases  evolved  by  detonating  explosives.  In  one  of 
the  Large  western  engineering  projects  9  men  recently  were  killed  by 
lous  gases  produced  on  the  explosion  of  40  per  cent  strength 
gelatin  dynamite. 

Soon  after  this  accident  the  Bureau  of  Mines  began  studies  of  the 
Doxiou  3  evolved  on  the  detonation  of  explosives  in  order  to 

cover  whether  the  composition  of  explosives  could  be  improved 
as  to  Lncr<  ase  safety  m  mining  operations. 
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FORMULA  FOR  A  MINE  EXPLOSIVE. 

From  the  foregoing  statement  it  is  evident  that  the  only  two  classes 
of  available  explosives  that  develop  the  disruptive  force  required  in 
removing  hard  rock  in  metal-mining  and  tunneling  work  are  "straight'1 
nitroglycerin  dynamites  and  gelatin  dynamites.  To  construct  well- 
balanced  formulas  for  the  "straight"  nitroglycerin  dynamites  it  is 
.necessary  to  reduce  the  percentage  of  combustible  materials  in  order 
that  there  may  not  be  a  deficiency  of  oxygen.  This  reduction  can 
be  accomplished  by  replacing  the  wood  pulp  in  the  higher  grades  of 
these  explosives  with  some  inert  material  having  a  great  absorbing 
capacity,  such  as  magnesium  carbonate  or  kieselguhr  (infusorial 
earth),  but  as  this  method  materially  decreases  the  efficiency  of  the 
explosive  by  reducing  the  quantity  of  active  matter,  it  was  thought 
advisable  to  conduct  experiments  with  gelatin  d}mamites,  which  do 
not  require  combustible  material  for  absorbing  the  nitroglycerin. 

Several  samples  of  40  per  cent  strength  gelatin  dynamite  were 
procured  from  different  manufacturers.  AH'  these  samples  produced 
poisonous  gases  on  detonation,  the  percentage  of  carbon  monoxide 
varying  from  3  to  5.7  per  cent  and  of  hydrogen  sulphide  from  0.7  to 
4.1  per  cent. 

The  formulas  for  gelatin  dynamites  given  on  page  8  seem  to  pro- 
vide for  sufficient  oxygen  in  the  sodium  nitrate  to  completely  oxidize 
the  combustible  materials,  and  for  this  reason  all  the  formulas  are 
said  to  be  well  balanced.  However,  the  gage  tests  showed  that 
quantities  of  hydrogen  sulphide  were  evolved  on  detonation  and 
remained  in  the  permanent  gases.  The  sulphur  used  in  the  gelatin 
dynamites  was  held  responsible  for  this  result,  and  its  elimination 
as  an  ingredient  was  necessary.  The  result  of  further  investigations 
showed  that  paper  wrappers  heavily  coated  with  paraffin,  used  in 
connection  with  the  explosive  and  representing  a  comparatively  large 
percentage  by  weight  of  combustible  material,  had  not  been  given 
due  consideration  by  the  manufacturers  of  explosives.  It  was 
believed  that  by  slightly  increasing  the  percentage  of  the  sodium 
nitrate  sufficient  oxygen  would  be  provided  to  completely  oxidize  the 
hydrogen  and  carbon  contents  of  the  paper  wrapper. 

As  a  result  of  the  investigations  a  quantity  of  40  per  cent  strength 
'gelatin    dynamite    was    manufactured    according    to    the    following 
formula : 

Special  formula  for  40  per  cent  strength  gelatin  dynamite. 

Nitroglycerin 33 

N  itrocellulose 1 

Sodium  nitrate 54 

Combustible  material  a 11 

( lalcium  carbonate ] 

100 

a  Flour. 
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The  products  of  combustion  were  collected  in  the  gage,  200 
grams  of  the  explosive  in  the  original  wrapper  being  used  under  the 

ae  conditions  as  in  previous  tests.  The  wrapper,  like  those  of 
explosives  previously  tested,  was  paper  coated  with  paraffin.  The 
results  of  tests  made  with  this  explosive  are  shown  in  the  following 
tabl< 

nbustion  products  resulting from  tests  of  special  40  per  cent  strength  (/flat  in  dynamite. 

[Analyst  A.  L.  Hyde.] 
WEIGHT  OF  PRODUCTS.  GRAMS. 

Gaseous 85.  5 

Solids 102.  3 

Liquid 13.  2 

GASEOUS  PRODUCTS,  PER  CENT  BY  VOLUME. 

Carbon  dioxide 51.0 

Carbon  monoxide 0 

Oxygen 9 

Hydrogen 0 

Methane 7 

Nitrogen 47.1 

Hydrogen  sulphide 0 


100.0 

SOLIDS,  PER  CENT. 

Soluble 92. 10 

Insoluble 7.  90 


100.00 


It  will  be  noted  that  the  above  modified  formula  for  40  per  cent 
strength  gelatin  dynamite  on  detonation  in  metal  gages  did  not 
evolve  poisonous  gases.  However,  the  question  was  raised  as  to 
whether  such  gases  might  not  be  evolved  when  large  quantities  of 
the  explosive  were  detonated  under  actual  mining  conditions.  It 
was  then  decided  to  supplement  the  gage  tests  by  tests  in  mines. 

MINE  TESTS. 

In  taking  samples  of  mine  air  after  blasts  with  the  older  dynamites 
it  was  necessary  for  the  investigators  to  use  a  breathing  apparatus. 
The  samples  were  taken  by  air  displacement  by  means  of  small  bel-' 
lows,  which  was  emptied  and  filled  fifty  times. 

TESTS   IN  A   LIMESTONE    MINE. 

The  first  experiments  were  carried  out  in  a  limestone  mine  at  Vsc-A 
Winfield,  Pa.  W.  O.  Snelling,  consulting  chemist  of  the  Bureau  of 
Mines,  cooperated  in  the  experiments.  As  the  limestone  in  (he 
mine  mentioned  was  minedjby  the  room-and-pillar  method,  the  pro- 
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cedurc  followed  was  to  shoot  the  rock  "off  the  solid  "  with  four  or 
more  shots,  depending  on  the  width  of  the  face  worked  (figs.  1  and  2). 


No.  1 


No.  5 
No.  6 


! 


Scale 
123456789  10  ¥eet 


Figure  1. — Arrangement  of  drill  holes  in  experiments  in  a  limestone  mine.    Plan. 

This  necessitated  the  use  of  different  quantities  of  explosives  in  the 
different  working  places.     No.  6  electric  detonators  were  used,  and 
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1J4  bore  hole,  horizontal,  135  long,  No.  3  upper. 
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\Yi  bore  hole,  horizontal,  13G  long,  No.  3  lower. 
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V 
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Figure  2. — Arrangement  of  drill  holes  in  experiments  in  a  limestone  mine.     Position  of  holes  in  front 

elevation  A-B  of  face. 

the  shots  were  connected  in  series  and  fired  at  one  time.     The  results 
of  the  tests  arc  tabulated  on  the  page  following. 
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EXPLOSIVES. 

Us  of  tests  with  diffen  nt  classes  of  explosives  in  a  limestone  mine  at  West  Winjield,  Pa. 

class  and  grade 
of  explosive  used. 

Quantity 

of  explo- 
sive used 
(pounds). 

Location  of 
blast. 

"Where 

sample 

was  taken. 

Time  sample 
was  taken. 

Analj-ses  of  mine-atmosphere 

samples. a 

COa    Oj 

CO     Na 

HaS 

Ha 

CH« 

and 
C»H< 

4  0    per   c on  1 
strength  gelatin 
dynamite. 

103.5 

Room  5  off 
"  A  "cross 
entry. 

At  face  of 
room 
near 
roof. 

Immediate  1  y 
after    firing 
blast. 

5  minutes  after 
blast. 

10  minutes  af- 

.    ter  blast. 

2. 67  19. 53 

1.7519.73 

1 
.  43  20. 31 

0.2877.44 

.12  78.34 
.10  79.11 

0.0 

.0 
.0 

0.11 

.06 
.05 

0.0 

.0 
.0 

'Immediate  1  y 
after    firing 

.25 

20.38 

.05 

79.  29 

.0 

.03 

.0 

Do 

39. 5 

Room  1  oft' 
4lh   cross- 
cut. 

...do 

blast. 

5  minutes  after 
blast. 

10  minutes  af- 
ter blast. 

.15 

.13 

20.70 
20. 54 

.0 
.0 

79.15 
79.33 

.0 
.0 

.0 
.0 

.0 
.0 

'Immedia'e  1  v     .37 

20. 43 

.0 

79.20 

.0 

.0 

.0 

Now  40  j>or  cent 
strength  gelatin 
dynamite. 

L'K  5 

Room  10  off 
"B"  cross- 
cut. 

...do 

after    filing 
blast. 
10  minutes  af-     .  10 
ter  blast. 

20.80 

.0 

79.10 

.0 

.0 

.0 

'Immediately    1.65 
j     after    firing 

20.40 

.40 

78.  35 

.0 

.20 

.0 

4  0    per    e e  n  t 
"straight"    ni- 
troglycerin   dy- 
namite. 

22.0 

"D"  cross- 
cut. 

...do 

blast. 
2  minutes  after    .27 
blast. 

12  minutes  af-     .08 
I    ter  blast. 

20. 45 
20.  SO 

.15 
.0 

78.87 

79.12 

.0 
.0 

.06 
.0 

.0 
.0 

a  G.  A.  Burrell,  analyst. 
TESTS    IN    A    ZINC    MINE. 

The  second  series  of  experiments  was  carried  out  in  a  zinc  mine 
at  Franklin  Furnace,  N.  J.  W.  O.  Snelling,  consulting  chemist  of 
the  bureau,  cooperated  in  the  tests.  The  headings  in  which  the  tests 
were  made  averaged  about  5  feet  in  width  and  7  feet  in  height.  In 
driving  these  headings  a  "21-hole  cut"  was  used  (figs.  3  and  4). 
In  such  a  cut  the  first  shot  hole  a,  is  fired  in  the  center  of  the  face. 
It  is  known  as  a  "burning"  shot  and  is  not  intended  to  blast  out  any 
material  but  merely  to  form  a  crack  in  the  middle  of  the  face  or  so  to 
disintegrate  the  rock  that  when  the  first  round  of  shots,  holes  b  and  c  is 
fired  the  material  will  be  blasted  out.  Holes  d  and  e  were  not  loaded. 
The  method  of  loading  and  firing  the  second,  third,  and  fourth  rounds 
of  shots  is  similar  to  that  generally  followed  in  metal  mines. 

The  holes  for  the  second  round  of  shots  were  spaced  as  shown  in 
figure  3,  the  holes  for  this  round  being  designated  /,  g,  li,  and  i; 
the  holes  for  the  third  round  of  shots  were  spaced  in  accordance 
with  those  lettered  o,  p,  q,  r,  s,  t,  and  u  in  the  figure,  and  the  holes 
for  the  fourth  round  were  spaced  in  accordance  with  those  lettered 
7,  Jc,  I,  m,  and  n  in  the  figure.  The  depth  of  the  holes,  the  number 
of  cartridges  of  explosives  used  in  each,  the  length  of  drill  hole 
which  they  occupied,  the  length  of  drill  hole  occupied  by  the  stem- 
ming, and  the  free  portion  of  the  drill  hole  (that  portion  of  the  drill 
hole  that  is  in  front  of  the  stemming  and  not  occupied — see  fig.  4)  for 
the  third  round  of  holes  shot  with  the  new  40  per  cent  strength  gelatin 
dynamite  are  indicated  in  figures  3  and  4  and  in  the  table  following. 
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Details  of  tests  of  explosives  in  a  zinc  mine  at  Franklin  Furnace,  N.  J. 
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Hole.™ 

Number  of 
cartridges. 

Depth  of 
drill  hole. 

Explosive 

occupied— 

Stemming 
occupied— 

Free  por- 
tion of  drill 
hole. 

Inches. 

Inches. 

Inches. 

Inches. 

0 

6 

79 

44| 

3i 

31 

V 

5 

76 

41 

10 

25 

q 

s 

87 

52 

8 

27 

6 

80 

46 

9 

25 

s 

7 

86 

54 

5 

27 

t 

7 

89 

.r.l 

12 

26 

u 

8 

87 

59 

8 

20 

«  See  figure  3. 

Attention  is  called  to  the  comparatively  small  amounts  of  stem- 
ming used  in  front  of  the  charge  as  compared  with  the  large  amounts 
of  explosives  used,  although  the  charging  was  done  by  an  experienced 
man  and  according  to  the  usual  practice  in  that  mine.  An  investiga- 
tion of  the  effect  of  stemming  on  the  efficiency  of  explosives  which 
is  now  in  progress  by  the  bureau  a  indicates  that  the  amount  of  stem- 
ming used  in  these  shots  was  not  sufficient. 

The  results  of  the  experiments  in  the  zinc  mine  are  shown  below: 

Results  ofteds  with  different  classes  of  explosives  in  a  zinc  /nine  at  Franklin  Furnace,  N.  J. 


Analyses  of  mine-atmosphere 

samples 

b 

Class  and  grade 

Quantity 

of  explo- 
sive used 
(pounds). 

Loral  ion  of 
blast. 

Where  sam- 
ple was 
taken. 

Time  sample 
was  taken. 

of  explosive 
used. 

COi! 

02    CO 

Na 

H2S 

Il2 

CH< 

and 

C2H4 

t          IS.  4 

400  -  foot  lev- 

4  feet  from 

2  minutes  after 

1.80 

20.  20  0. 0 

78.  00 

0.0 

0.00 

0.00 

el  ,    500 

face,     5 

firing  blast. 

Nov,'  40  per  cent 

cross  cut 

feet 

strength   gela- 

east, third 

from 

tin  dynamite. 

I 

round    of 
holes. 

floor. 

I          32. 0 

Same     (4th 
round     of 
holes). 

...do 

do 

1.25 

20.30 

.0 

78.  45 

.0 

.00 

.00 

25. 6 

450  -  foot lev- 
e 1  .    800 

cros  scut. 

...do 

do 

.65 

20.46 

.05 

78.84 

.0 

.00 

.00 

40   per   c e  n  t 

third 

strength     am- 

round   of 

monia     dyna- 

holes. 

mite. 

..do 

do 

1.  45 

18.56 

.09 

76.90 

.0 

.00 

.00 

12.3 

Same     (4th 
round     of 
holes). 

68    feet 
from 
face,     5 
feet 
from 
floor. 

3  minutes  alter 
filing  blast. 

.59 

20.19 

.00 

79.27 

.0 

.00 

.00 

[450 -foot  lev- 

'4   fee  t 

2  minutes  after 

1.76 

20.17 

.11 

77.92 

.0 

.04 

.00 

el,     north 

from 

firing  blast. 

40    p  c  r   c  e  n  t 

25. 0 

heading, 
second 

face,     5 
feet 

'•straight  "  ni- 

round     of 

from 

troglycerin  dy- 

holes. 

floor. 

namite. 

35    feet 
from 
face.     5 
feet 
from 

4  minutes  after 
firing  blast. 

.98 

20.50 

.0 

78. 48 

.0 

.04 

.00 

floor. 

«  See  Technical  Paper  17,  Bureau  of  Mines. 
57258°— 13 2 


i'  G.  A.  Burrell,  analyst. 
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(  ONCLUSIONS. 

The  mine  tests,  although  of  small  scope,  confirmed,  with  a  few  excep- 
tions, the  tests  made  in  the  pressure  gage.  The  odor  of  hydrogen 
sulphide  was  noticeable  immediately  after  firing  some  of  the  explo- 
sives containing  sulphur,  but  the  chemical  analyses  of  the  mine-air 

samples  faded  to  disclose 
the  presence  of  an  appre- 
ciable quantity  of  this  gas. 
Several  days  intervened  be- 
tween the  taking  of  the 
samples  in  the  mine  and  the 
chemical  examinations  made 
of  them,  and  it  is  possible 
that  if  minute  quantities  of 
hydrogen  sulphide  were  col- 
lected in  any  of  the  samples, 
they  were  decomposed  by 
standing  so  long.  It  is 
worthy  of  note  that  in  all 
the  tests  the  explosives  were 
completely  detonated  and 
there  was  no  formation  of 
nitrogen  oxides. 

The  results  of  the  experi- 
ments indicate  that  all  gela- 
tin dynamites  should  be 
made  with  an  oxygen  exc< 
sufficient  to  completely  oxi- 
dize all  combustible  mate- 
rials present,  including  the  wrappers;  furthermore,  the  t<  low 
that  when  this  class  of  explosive  is  properly  and  completely  det- 
onated the  proportion  of  harmful  gases  evolved  is  reduced  to 
a  minimum.  However,  it  should  be  remembered  that  proper  con- 
ditions do  not  exist  if  there  has  been  any  chemical  or  physical 
e  in  the  explosive  or  if  it  is  fired  under  conditions  that 
cause   burning   or  incomplete  detonation.     When   the  explosive  has 

i  to  such  an  extent  as   to  materially  decrease  its  sensitive^ 
when  weak  detonators  arc   used,  or  when    the  explosive  is  used  in  a 
frozen    or   partly   frozen    condition,  a   greater  quantity    of  poisonous 
6  i-  evolved. 

GASES  EVOLVED  IN  THE  BURNING  OF  EXPLOSIVES. 

To  determine  tin4  percentage  of  poisonous  gases  evolved  when  high 
>iosivea  bum.  a  charge  of  ;">  l  \  grams  of  the  "  ordinary  "  10  per  cent. 
ingth  gelatin  dynamite,  including  paper  wrapper,  was  ignited  by 


i      Wflfiffi. 


Figure  3. 


U 

-Arrangement  of  drill  holes  in  experiments  in  a  zinc 
mine.     Front  view  of  face. 
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an  electric  igniter  in  the  pressure  gage  under  atmospheric  pressure. 
The  gage  was  closed  except  that  the  indicator-connection  hole  was  left 


-"""^aasCLsssloSss* • 


Stemming  11"         Explosive  28" 
7  cartridges 
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Til  and   n 


7  and  1  cartridges • 
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/and  (j 
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g  and  s 


S  and  7  cartridges 


Stemming  13  "         Explosive  30  " 


6  cartridges 

i_nd_^ca_tndge___  : 

, ________=__q 

Figure  4. —Arrangement  of  drill  holes  in  experiments  in  a  zinc  mine.    Section  through  face. 

open  for  the  collection  of  samples  of  the  gaseous  products.     The  analy- 
sis of  these  products  is  given  in  the  following  tabulation : 

Analysis  of  gaseous  products  of  combustion. 

[A.  L.  Hyde,  analyst.] 
Carbon  dioxide   19.4 

Oxygen 0 

Carbon  monoxide 13.  7 

Nitric  oxide  (NO) 11.  3 

Hydrogen A 

Methane 1.4 


Nitrogen 

Nitrogen  peroxide  (N02). 


53.2 
.6 


100.0 


It  is  to  be  noted  that  the  percentages  of  poisonous  gases  evolved, 
13.7  per  cent  of  carbon  monoxide  and  11.9  per  cent  of  nitrogen  oxides, 
show  an  increase  of  18.5  per  cent  over  the  percentages  from  the  same 
explosive  when  completely  detonated  in  gage  tests.     It  is  reasonable 
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to  Buppose  thai  the  results  would  be  the  same  if  the  explosive  burned 
and  did  not  detonate  under  actual  mining  conditions  in  the  blasting 
of  rock  and  similar  materials. 

CHEMICALS   PROPOSED  FOR    NEUTRALIZING   POISONOUS    GASES. 

In  order  to  neutralize  or  to  prevent  the  formation  of  poisonous  gases 
evolved  on  the  detonation  of  explosives  when  used  in  blasting  opera- 
tions, the  use  of  several  compounds  has  been  proposed.  The  com- 
pounds proposed  consist  of  oxygen-carrying  salts  or  of  mixtures  of 
alkaline  carbonates  or  bicarbonates,  camphor  (gum),  etc.  They 
have  been  offered  to  the  trade  packed  in  cardboard  cartridge  shells 
weighing  about  1  ounce  each.  It  is  claimed  by  the  manufacturers  of 
these  compounds  that  if  one  cartridge  thereof  be  placed  in  the  back  of 
a  drill  hole  before  loading  a  charge  of  1^  pounds  of  40  per  cent 
dynamite,  its  action  when  the  explosion  occurs  will  prevent  the 
formation  of  all  poisonous  gases  or  will  neutralize  them. 

The  use  of  compounds  that  have  oxygen-carrying  salts  might  offer 
some  advantages  with  explosives  deficient  in  oxygen.  However,  such 
compounds  probably  could  not  be  used  with  explosives  designed  for  use 
in  coal  mines.  If  the  compounds  entered  into  the  explosive  reaction 
and  thus  prevented  the  formation  of  carbon  monoxide,  the  increased 
volume  of  carbon  dioxide  formed  would  probably  be  accompanied 
by  a  larger  evolution  of  heat  and  the  higher  flame  temperature  might 
eliminate  the  safety  features  of  the  explosive. 

Tests  in  coal  mines  have  shown  that  coal  drillings  in  a  shot  hole 
enter  into  the  explosive  reaction.  Moreover,  the  gaseous  products  of 
blasts  in  coal  contain,  for  any  explosive,  more  carbon  monoxide  and 
less  carbon  dioxide  than  the  products  of  explosion  tests  in  metal  gages. 

The  following  tabulation  gives  the  results  of  analyses  of  the  gases 
produced  from  black  blasting  powder  when  fired  under  the  usual 
conditions  in  a  metal  gage,  and  also  under  actual  coal-mining 
conditions: 


Result*  of  analyses  of  gaseous  products  of  explosion 

of  black 

Wasting  jionder. 

ests." 

Mine  ; 

Constitui  ■ 

Cartridges 

without 

paper 

wrapper. 

Cart  ridges 

with  paper 

wrapper. 

Cartri 
with  paper 
wrapper. 

i  arbon  dioxide 

49.7 

Ki.  8 

.0 

1.8 

.6 

28.  4 

s.  7 

44.9 
13.2 

.0 
4.2 

.4 
27.3 
10.0 

19.2 

( 'arbon  monoxide 

n 

.0 

Hydrogi  n 

10.0 

.4 



Nitrogen . . 

35.4 

Hydrogen 

6  s 

l(K).l) 

100.0 

100.0 

L.  II  >  d< 

v  Bum  tnplea  were  taken  bom  crevices  caused  by  the  explosion.    As  the 

re  diluted  with  air,  the  mine  sample    foi    ompai  ison  with  the  gagi  -t<  si  results,  were  com- 


puted  on  •■  oxygen  contenl  was  eliminated  and  a  corresponding  percentage 

<>f  nitrogen  (according  to  the  proportion  In  normal  air;  was  subtracted.    Also,  the  proportion  of  methane 
distilled  or  pressed  out  of  the  coal  was  subtracted  to  make  the  methane  pei  correspond  to  that 

pics. 


EXPLOSIVES  USED  IN   MINING  AND  TUNNELING    OPERATIONS.       19 

The  results  tabulated  indicate  that  any  chemical  containing  suffi- 
cient oxygen,  if  associated  with  the  explosive  charge  in  the  drill  hole 
hi  a  similar  way,  would  tend  to  reduce  the  formation  of  carbon 
monoxide  and,  accordingly,  minimize  some  of  the  poisonous  gases 
formed.  Obviously,  if  the  chemical  could  be  intimately  associated 
with  the  ingredients  of  the  explosive,  a  more  complete  reaction 
would  result,  but  as  this  procedure  is  impracticable  in  loading  charges 
of  explosives  and  as  the  user  of  explosives  would  not  know  the 
exact  amount  to  use  with  different  brands  of  explosives,  the  value 
of  using  chemicals  of  this  kind  in  mining  operations  is  questionable. 

It  has  been  stated  that  explosives  can  be  manufactured  for  tun- 
neling and  for  metal  mining  that  do  not  produce  poisonous  gases 
when  completely  detonated.  Complete  combustion  can  be  assured 
if  the  manufacturers  use  a  quantit}^  of  the  oxygen-carrying  salts 
sufficient  to  oxidize  completely  all  the  combustible  ingredients  of 
the  explosives,  including  paper  wrappers.  Explosives  so  consti- 
tuted would  not  require  the  use  of  auxiliary  materials. 

Compounds  containing  alkaline  carbonates,  bicarbonates,  cam- 
phor (gum),  etc.,  proposed  for  use  in  preventing  the  formation  of 
poisonous  gases  are  equally  unsatisfactory.  It  has  been  pointed  out 
that  explosives  on  burning  produce  nitrogen  oxides  and  that  the 
presence  of  alkaline  carbonates  or  bicarbonates  may  tend  to  neutral- 
ize to  some  extent  the  poisonous  gases.  However,  as  the  nitrogen 
oxides  are  not  formed  when  the  explosives  are  completely  detonated 
and  as  the  complete  detonation  of  explosives  can  be  brought  about 
by  the  use  of  a  detonator  of  the  proper  kind,  it  is  unnecessary  to  resort 
to  the  use  of  these  compounds.  When  using  compounds  of  this  kind 
the  miner  has  often  been  misled  by  the  pleasant  aromatic  odor  often 
noticeable  in  the  working  places  after  a  blast.  A  series  of  tests  with 
the  compounds  was  undertaken  to  determine  whether  their  use  would 
render  less  noxious  the  gaseous  products  of  an  explosion  of  dynamite. 

The  compound  used  in  the  tests  was  a  fine  crystalline  powder 
packed  in  a  cardboard  cartridge  shell  which  was  crimped  at  each 
end  over  a  cardboard  wad.  The  average  weight  of  the  ingredients 
of  each  cartridge  was  13.6  grams,  the  cardboard  cartridge  shell  or 
wrapper  weighing  9.6  grams.  The  materials  used  were  said  to  be 
ammonium  carbonate,  sodium  bicarbonate,  chloride  of  lime,  and 
gum  camphor.  The  result  of  a  chemical  analysis  of  the  compound, 
as  used,  was  as  follows  : 

Results  of  analysis  of  a  neutralizing  eompound. 
[C.  G.  Storm,  analyst.] 

Moisture 4. 01 

•   Camphor  gum 9.  33 

Sodium  bicarbonate 14.  62 

Sodium  chloride 9.  30 

Ammonium  carbonate 42.  88 

Calcium  carbonate 19.  86 

100.  00 


20 


SELECTION    OF   EXPLOSIVES. 


It  was  evident  that  certain  reactions  had  taken  place  after  the 
compound  bad  been  made.  The  chlorine  of  the  chloride  of  lime  had 
been  liberated  and  was  combined  as  sodium  chloride.  There  was 
evidence  that  other  reactions  had  taken  place,  but  they  were  not 
believed  to  be  such  as  fco  have  affected  materially  the  value  of  the 
composition  for  the  purpose  intended.  In  the  tests  various  mixtures 
of  the  compound  and  40  per  cent  "straight"  nitroglycerin  dynamite 
were  used.  The  prepared  charges  were  fired  by  No.  6  electric  deto- 
nators in  a  metal  gage  from  which  practically  all  of  the  air  had  been 
pumped  by  a  vacuum  pump.  After  the  gases  within  the  gage  had 
cooled,  their  temperature  and  pressure  were  read,  their  weight  in 
-rams  and  their  volume  in  liters  being  then  computed.  A  differ- 
ential sample  of  the  gaseous  products  of  combustion  was  procured 
by  collecting  the  gas  as  it  escaped  through  the  gage  valve.  The 
percentage  by  volume  of  the  gaseous  products  of  combustion  and 
the  quantity  in  liters  of  each  of  the  gases  evolved  are  given  in  the 
following  table  in  which,  for  convenience  in  reporting  the  results, 
the  tests  arc  designated  A,  B,  C,  D,  E.  and  F. 

Results  of  tests  of  mixtures  of  dynamite  and  a  neutralizing  compound. 


Weight  of 
original 

wrapper 
per  100 

grams  of 

explosive 
ingre- 
dient. 

Weight 
of  com- 
pound 
used,  in- 
cluding 
cardboard 
wrapper. 

Total 

weight  of 

charge. 

Gaseous  products  of  combustion,   per  cent   by 
volume. a 

Test  designat  ion. 

CO  2. 

0* 

CO. 

II 2- 

CH<. 

A 

Grams. 
None. 
6.2 
6.2 
6.2 
6.2 
6.2 

Grams. 

None. 

None. 

7.2 

23.8 

7.2 

/4.2 

Grams. 
6  206.0 
c212.  4 
c  219.  6 
c  236.  2 
c219.6 
c  217.1 

51.4 
27.3 
25.6 
20.7 
24.5 
28.2 

0.0 
.0 
.0 
.0 
.0 
.0 

5.0 
26.9 
28.2 
31.5 
28.5 
25.5 

2.2 
18.0 
18.9 
25.0 
20.4 
17.7 

0.3 
.4 
.5 

.7 
.6 
.4 

41.1 

15 

Vd 

Dd 

!•:  *  

1   

26,  8 

22.1 
26.0 

COMPUTATIONS  BASED  ON  THE  ABOVE  RESULTS  OF  TESTS. 


km 

Weight 

of  gas. 

Volume 
of  gas. 

Volume  of  the 

gaseous  products  of  combustion. 

1  Os 

0* 

CO. 

IK 

CH«. 

Grams. 
88.4 
107.4 
111.  1 
124.0 
108.  2 
108.8 

Liters. 
55.6 
87.0 
91.7 
112.2 
91.3 
87.4 

Liters. 
28.6 
23.8 
23.5 
23.2 
22.4 
24.6 

Liters. 

0.0 
.0 
.0 
.0 
.0 
.0 

Liters. 

2.8 
23.4 
25.9 
35.  3 
26.0 
22.  3 

Liters. 
1.2 
15.7 
17.3 
28.0 
18.6 
15.5 

0.2 
.3 
.5 
.8 
.5 
.8 

; 

22.  <) 



B 

23.  8 

C 

I) 

24.6 
24.  8 



23.7 
24.6 



a  \.  l.  Hyde 

''  in  6-gram  tinfoil  wrapper. 

<■  \\  lib  the  original  paper  wrapp  ms. 

'i  The  cardboard  wrapper  of  the  compound  was  cul  Into  small  pieces  and  together  with  the  compound 

mixed  u  il  h  the  explosive  Ingredients. 
t  To   imulate  average  mining  condil  ions,  7.2  grams  of  1  be  compound,  including  1  be  cardboard  wrapper, 
d al  the  endof  the  explosive  charge  opposite  the  end  in  which  the  electric  detonator  was  placed, 
kde  under  the  ;ame  conditio]  Intesl  E, except  that  the  cardboard  wrapper  of  the  compound 

placed  by  a  tinfoil  wrapper  weighing  0.5 gram. 


EXPLOSIVES  USED  IN  MINING  AND  TUNNELING   OPERATIONS.       21 

Logical  conclusions  from  the  results  of  the  tests  are  that  com- 
pounds of  this  kind  offer  no  advantage  in  preventing  or  neutralizing 
the  poisonous  gases  evolved  on  the  detonation  of  explosives ;  that  the 
heavy  cardboard  wrapper  used  is  responsible  for  an  increase  in  the 
percentage  of  carbon  monoxide  formed,  and  that-if  such  a  compound 
is  used  as  recommended  by  the  manufacturer  its  use  will  produce  a 
greater  rather  than  a  less  amount  of  poisonous  gases. 

EXPLOSIVES  FOB  USE  IN  GASEOUS  OR  DUSTY  COAL  MINES. 

PERMISSIBLE    EXPLOSIVES. 

Explosives  suitable  for  use  in  gaseous  or  dusty  coal  mines  differ 
greatly  from  those  previously  mentioned  in  this  paper.  In  addition 
to  possessing  the  requisite  qualities  of  strength  and  efficiency  in 
breaking  down  coal,  they  should  be  of  such  a  composition  as  to 
produce,  on  explosion,  a  relatively  short  flame  of  relatively  low 
temperature. 

To  accomplish  this  result,  free  water  or  an  excess  of  carbon  are 
added  to  some  of  the  coal-mining  explosives,  and  others  contain 
flame-reducing  salts.  •  To  determine  whether  an  explosive  is  satis- 
factory requires  careful  testing.  To  carry  out  such  tests  the  Bureau 
of  Mines  has  installed  at  its  Pittsburgh  testing  station  suitable 
equipment,  including  a  large  steel  cylinder  or  gallery  which  can  be 
filled  with  fire  damp  or  coal  dust  and  air  in  any  desired  proportion. 

Explosives  that  pass  certain  tests  and  that  are  used  in  accord- 
ance with  the  conditions  prescribed  by  the  bureau  are  called  per- 
missible explosives  and  are  recommended  for  use  in  coal  mines. 

The  underlying  reasons  why  one  explosive  passes  and  another  fails 
when  tested  in  the  presence  of  gas  and  dust  have  been  investigated 
at  the  Pittsburgh  testing  station.  The  results  of  the  researches, 
especially  those  on  explosives  that  failed  to  pass  the  prescribed  tests, 
have  been  reported  to  the  manufacturers,  who  have  in  nearly  all  cases 
so  changed  and  perfected  their  explosives  that  later  when  new  explo- 
sives were  submitted  all  the  requirements  of  the  bureau  have  been 
successfully  met.  The  results  of  tests  indicate  that  every  explosive 
if  fired  in  very  large  quantities  will  cause  ignition  of  gas  and  coal-dust 
mixtures.  An  arbitrary  charge,  11  pounds,  has  been  established  as 
the  quantity  of  explosive  to  be  used  in  making  tests,  and  all  explosives 
in  order  to  be  placed  on  the  permissible  list  must  pass  the  gas-and- 
dust  test  with  this  charge.  A  charge  of  H  pounds  per  drill  hole 
should  never  be  exceeded  in  practice.  In  good  mining  practice  the 
charge  need  not  exceed  1  pound,  an  amount  that  provides  a  greater 
factor  of  safety. 

In  order  to  ignite  inflammable  gas  and  coal-dust  mixtures  a  certain 
temperature,  acting  through  a  certain  length  of  time,  is  required. 
Furthermore,  the  flame  temperature  of  all  explosives  on  detonation 
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exceeds  the  ignition  temperature  of  inflammable  gas-and-dust  mix- 
tures, but  fortunately  the  flame  of  the  permissible  explosives,  when 
properly  detonated,  is  of  such  short  duration  that  the  inflammable 
mixtures  arc  not  ignited.  It  is  evident  that  any  factor  that  increases 
the  duration  of  the  flame  temperature  of  a  permissible  explosive,  such 
as  the  use  of  a  weak  detonator  or  the  use  of  any  explosive  in  ways  not 
in  accordance  with  those  prescribed  by  the  Bureau  of  Mines,  may 
increase  the  danger  in  its  use. 

Permissible  explosives  are  now  being  used  in  every  coal-mining 
State  in  the  Union.  In  1909  there  was  8,592,000  pounds  of  permis- 
sible explosives  used  in  this  country.  In  1910  the  amount  used 
reached  11,900,000  pounds,  and  in  1911  the  amount  aggregated 
13,428,000  pounds. 

EXPLOSIVES   USED  IN   SUBMARINE  OPERATIONS. 

At  the  request  of  T.  P.  Roberts,  assistant  United  States  engineer, 
the  explosives  section  of  the  bureau  began  an  investigation  to  deter- 
mine the  cause  of  failures  of  certain  shots  in  December,  1911,  in  con- 
nection with  the  blasting  of  rock  in  the  bottom  of  the  Monongahela 
River  at  Lock  No.  1,  Pittsburgh,  Pa. 

METHOD  OF  BLASTING  FOLLOWED  AT  LOCK  NO.  1,  MONONGAHELA 

RIVER. 

The  procedure  followed  was  found  to  be  similar  to  that  ordinarily 
employed  in  submarine  excavating.  A  drill  boat  was  moored  over 
the  rock  by  means  of  adjustable  legs  and  by  mooring  lines  attaehed  to 
the  shore,  and  the  holes  were  drilled  in  the  underlying  rock,  a  hard 
shale,  by  2i-inch  steel  drills  guided  by  long  iron  pipes  4  inches  in 
diameter.  On  December  19>  1911,  the  depth  of  the  water  where  tha 
work  was  being  conducted  was  10  to  13  feet,  depending  on  the  eleva- 
tion of  the  bottom  of  the  river.  At  the  time  of  the  failures  reported 
the  stage  of  the  river  was  lower.  The  sediment  and  drillings  that 
accumulated  in  the  4-inch  pipes  during  drilling  were  removed  at  inter- 
vals by  means  of  an  iron  gooseneck  pipe  1  inch  in  diameter.  After 
the  holes  had  been  drilled  to  the  required  depth  they  were  loaded  with 
40  per  cent  low-freezing  dynamite  by  lowering  charges  through  the 
4-inch  pipes.  Three  to  five  1  \  by  8  inch  cartridges  were  generally  used 
in  each  hole;  the  last  stick  was  made  into  a  primer  containing  m\^ 
No.  6  electric  detonator  with  12-foot  wires.  Tallow  was  used  to  s 
the  cartridges  in  order  to  prevent  the  absorption  of  water  by  the 
dosives.  All  of  the  splicing  of  the  legs  of  the  detonators  to  each 
other  and  to  the  leading  wires  was  well  insulated.  After  the  holes, 
usually  13  for  ;i  blast, had  been  charged,  the  iron  pipes  were  carefully 
removed  and  the  wires  connected  in  s<  ries.  The  drill  boat  was  then 
floated  downstream  to  a  safe  position  and  the  leading  wires  were  con- 
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nected  to  a  No.  3  push-down,  two-pole  firing  machine.  Before  firing, 
the  explosives  and  detonators  remained  for  one-half  to  one  hour  in 
the  water,  the  temperature  of  which  at  the  time  of  inspection  was 
1°C.  (34°  F.). 

It  was  stated  that  during  the  work  of  excavating,  286  holes  had  been 
fired  and  5  failures  had  occurred,  2  in  one  set  and  3  in  another.  The 
first  failure  occurred  on  December  6.  A  set  of  13  holes  had  been 
loaded,  but  the  seventh  and  tenth  holes  misfired  when  the  blast  was 
made.  The  charging  had  progressed  from  holes  1  to  13,  and  it  was 
slated  that  the  explosive  in  hole  No.  1  was  not  in  the  water  over  45 
minutes.  One  of  the  electric  detonators  was  recovered  intact,  and 
it  was  thought  the  misfire  might  have  been  due  to  an  imperfection 
in  the  detonator  wire,  but  when  connected  to  and  fired  by  the  No.  3 
firing  machine  it  detonated  completely.  The  other  detonator  was 
not  recovered. 

The  second  failure  occurred  on  December  15,  when  a  set  of  holes 
similar  to  those  previously  described  was  filed.  In  this  instance  holes 
11,  12,  and  13  misfired.  All  the  detonators  were  recovered  and  only 
one  failed  to  fire  when  retested.  This  detonator  was  delivered  to  the 
testing  station  for  examination.  The  samples  of  40  per  cent  low- 
freezing  dynamite  representing  the  last  three  shipments  were  also  pro- 
cured for  examination  and  test  purposes.  It  was  noted  at  the  time 
of  inspection  that  the  shot  firer  in  operating  the  No.  3  firing  machine 
used  only  one  hand  to  push  down  the  ratchet  bar  and  did  not  push  it 
down  in  that  quick  and  forcible  manner  requisite  for  producing  the 
maximum  speed  of  the  revolving  armature. 

TESTS  OF  ELECTRIC  DETONATORS. 

The  first  scries  of  tests  of  electric  detonators  at  the  Pittsburgh 
testing  station  was  made  by  connecting  30  No.  6  electric  detonators  in 
series  and  firing  them  with  a  No.  3  push-down  two-pole  firing  machine. 
The  rachet  bar  was  pushed  down  with  different  degrees  of  speed. 
In  the  two  tests  made,  simulating  the  method  used  at  Lock  No.  1, 
there  were  10  misfires  in  the  first  trial  and  11  in  the  second.  Two 
other  tests  were  then  made  by  pushing  the  rachet  bar  down  with 
both  luJhds  quickly  and  forcibly,  especially  during  the  last  part  of 
the  stroke.  In  both  trials  all  detonators  were  fired.  As  the  amount 
of  current  generated  by  any  firing  machine  of  this  type  depends  upon 
the  speed  of  the  revolving  armature  it  is  evident  that  the  misfires 
at  Lock  No.  1  were  partly  due  to  the  improper  method  followed  in 
operating  the  No.  3  firing  machine.  These  machines  are  so  made 
as  to  store  up  the  current  during  the  stroke  until  just  as  the  stroke  is 
ended,  when  the  entire  current  that  has  gathered  is  discharged  through 
the  leading  wires. 
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It  has  been  found  from  results  of  tests  that  the  resistances  of  the 
plat  inum-wirc  bridges  in  certain  detonators  of  the  same  grade  and  make 
vary  from  0.7  to  1.0  ohm  and  that  the  electric  detonators  that  mis- 
fire arc  usually  those  having  low  resistance.  It  has  been  generally 
considered  that  the  loss  of  current  that  may  occur  by  short-circuiting 
through  wet  ground  or  water  is  largely  responsible  for  misfires  when 
electric  detonators  are  fired  in  series,  but  the  tests  made  at  the  testing 
station  indicate  that  the  variation  in  the  cross-sectional  area  of  the 
platinum  bridges  within  the  detonators  is  a  factor  of  greater  impor- 
tance. It  can  not  be  assumed  with  certainty,  however,  that  a  plati- 
num bridge  having  a  high  resist- 
ance can  be  fired  with  less  current 
than  one  having  a  low  resistance, 
because  with  a  given  current  the 
maximum  temperature  of  a  bridge 
depends  upon  its  minimum  cross- 
sectional  area  only;  the  resistance 
varies  not  only  inversely  as  the 
cross-sectional  area  of  the  bridge, 

B\  /  but  also  directly  as  its  length.  An 
\^\y  \  inspection  of  several  bridges  dis- 
closed the  fact  that  the  length  of 
the  bridge  did  vary  slightly,  usually 
because  of  the  encroachment  of  the 
solder  on  the  platinum  bridge. 

Great  care  was  necessary  then 
in  selecting  detonators,  and  the 
assumption  that  the  average  deto- 
nator of  high  resistance  would  have 
a  long  bridge  of  relative  small  cross- 
sectional  area,  and  the  average 
detonator  of  low  resistance  would 
have  a  short  bridge  of  relatively 
large  cross-sectional  area  holds. 
For  one  test  the  resistance  of  152  detonators  was  determined.  Thirty 
o\  these  were  selected,  15  having  the  highest  and  15  the  lowest  resist- 
ance. The  resistances  in  ohms  were  as  follows,  the  resistance  of  the 
detonal  thai  failed  being  italicised:  0.90,  0.90,  0.90,  0.91,  0.91, 
0.91,  0.92,  0.92,  0.98,  0.94,  0.95,  0.95,  0.95,  0.96,  0.96,  and  0.72,  0. 
0.76,  0.77,  0.77,  0.78,  0.78,  0.79,  0.79,  0.79,  0.79,  0.80,  0.80,  0.80, 
0.81. 

The  30  detonators  were  connected  in  series  (fig.  5)  and  in  order  that 

the  effeel  of  a  possible  loss  of  current  through  river  water  might  be 

ermined  a  shunt  of  river  water  at  15°  C.  (59°  F.)  was  arranged 

between  the  two  terminals  (1  inch  apart)  of  the  15  detonators  having 


Figure  5. — Arrangement  of  electric  detonators  to 
determine  whether  a  shunt  of  river  water  affect- 
ed their  detonation.  A,  firing  machine;  B,  det- 
onators of  high  resistance;  C,  detonators  of  low 
resistance;  a,  b,  uninsulated  wires. 
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the  high  resistances  (B,  fig.  5.).  An  attempt  was  made  to  fire  tliem 
with  a  No.  3  firing  machine  (A,  fig.  5)  operated  at  about  halt*  speed 
in  order  that  the  current  passing  through  the  bridges  would  fire  some 
but  not  all  of  the  detonators.  If  the  conductivity  of  the  water  was 
great  enough  it  was  to  be  expected  that  the  current  passing  through 
the  IT)  detonators  of  high  resistance  would  not  suffice  to  fire  any  of 
them;  however,  if  the  conductivity  of  the  water  was  small  enough 
it  was  to  be  expected  that  the  following  conditions  would  prevail: 

1.  That  the  average  resistance  of  the  detonators  that  failed  would 
be  less  than  that  of  those  fired; 

2.  That  the  average  resistance  of  the  detonators  of  high  resistance 
that  failed  would  be  less  than  that  of  those  fired ; 

3.  That  the  average  resistance  of  the  detonators  of  low  resistance 
that  failed  would  be  less  than  that  of  those  fired. 

The  actual  results  of  the  test  may  be  expressed  by  detailing  the 
averages  corresponding  to  those  mentioned  above.  These  averages 
are  presented  below. 

Average  resistance. s  of  electric  deixmab  rs  tested. 

Ohms. 

7  that  failed 0.  804 

23  that  fired 868 

2  of  high  resistance  that  failed 9J  5 

13  of  high  resistance  that  fired 929 

5  of  low  resistance  that  failed 7(>0 

10  of  low  resistance  that  fired 788 

Other  similar  tests  confirmed  in  every  particular  the  test  outlined. 

The  results  of  these  tests  a  showed  that  fewer  failures  occurred 
with  the  electric  detonators  having  high  resistance  even  when  means 
were  provided,  as  stated  above,  for  introducing  short-circuiting.  It 
is  unfortunate  that  the  manufacturers  of  electric  detonators  can  not 
supply  platinum  bridges  having  a  more  uniform  cross-sectional  area, 
but  these  unavoidable  defects  in  bridges  emphasize  the  importance  of 
providing  firing  machines  of  adequate  capacity  and  oi  operating 
them  in  such  a  manner  that  they  will  yield  their  maximum  energy. 

The  electric  detonator  that  failed  on  retest  at  Lock  No.  1  was 
examined  at  the  testing  station  by  carefully  opening  the  detonator 
in  such  a  manner  as  to  separate  the  sulphur  plug  from  the  copper 
capsule.  The  guncotton  usually  placed  around  the  platinum  bridge 
was  slightly  moist,  a  condition  that  would  account  for  the  failure  of 
the  fulminate  charge  to  detonate.  As  previously  stated,  the  three 
other  detonators  failed  for  the  reason  that  when  they  were  used  the 
current  passed  through  them  was  not  strong  enough  to  cause  them  to 

a  A  more  extended  study  of  the  efficiency  of  electric  detonators  and  firing  machines  is  now  in  progress  by 
the  bureau. 
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fire,  probably  because  of  their  low  resistance.  One  detonator  was 
not  recovered  and  tiiis  was  the  only  failure  that  could  in  any  way  be 
attributed  to  the  explosive. 

TESTS   OF  EXPLOSIVES. 

A  physical  and  chemical  examination  was  made  of  each  of  the  three 
samples  of  dynamite  submitted.  They  were  found  to  be  remark- 
ably uniform  in  composition.  The  nitroglycerin  content  of  the 
dynamite  was  equal  to  that  usually  offered  for  sale  in  this  country 
as  40  per  cent  low-freezing  dynamite.  However,  it  is  to  be  noted, 
that  all  of  the  samples  contained  about  5  per  cent  of  sodium  chloride, 
which  substance  is  well  known  to  cause  the  reduction  of  flame  tem- 
perature on  detonation  of  an  explosive  and  hence  causes  a  material 
reduction  of  the  energy  developed.  The  results  of  tests  are  given  in 
the  following  tabulation: 

Results  of  tests  of  three  explosives*1  used  in  submarine  operations. 
PHYSICAL  EXAMINATION. 


Details  observed. 


Lengtli  of  cartridge,  inches 

Diameter  of  cartridge,  inches 

Weight,  grams 

Volume,  cubic  centimeters 

Specific  gravity 

Redipped 

Spiral  wrapped 

Color 

Consistency: 

Granulation- 
Structure  

Size 

Liquidness ' 

Compactness 

Cohesiveness 

Weighl  of  cartridge  shell  per  100  grams  of  explosive 
mgred  ien  t ,  grams 


Sample  No.  1. 


8 

1-1 

203 

163 

1.24 

No. 

Yes. 

Dark  corn. 


Fibrous  and 

granular. 

Fine. 

Dry. 

Very  soft. 

Slightly 

cohesive. 


8.0 


Sample  No.  2. 


8 

!'. 
L98 

n: 

1.26 
No. 
Yes. 

Dark  corn. 


Fibrous  and 

granular. 

Fine. 

Dry. 

Very  soft. 

Slightly 

cohesive. 

8.0 


Sample  No.  3. 


8 

U 
203 
158 

1.29 

No. 

Yes. 

Dark  corn. 


Fibrous  and 
granular. 

Fine. 

Dry. 

\  ery  soft. 

Slightly 

cohesive. 

8.0 


CHEMICAL  ANALYSIS. 
[A.  L.  Hyde,  analyst.] 


Moisture 

2.78 
32.  77 
5.98 
31.03 
0.  ss 
6.  17 
5.  03 
5.  00 
1.36 

2.27 
32.91 
(i.  3D 
31.45 
9.83 
6.31 
4.92 
4.61 
1.31 

1.88 

Nitroglycerin 

::•_'  67 

\  'i  rotoluene 

fi.  07 

Sodium  nit  rule 

32.  IS 

Wood  pulp  and  crude  fiber 

!t.  30 

Starch 

5.  78 

Sodium  chloride  . . . 

5.  77 

Sugar 

1.98 

Calcium  carbonate 

1.42 

100.00 

100.00 

100.00 

o  K)pei  C(  hi    trength  low-freezing  dynamites. 


Because  it  was  stated  that  the  latest  shipment  of  40  per  cent 
strength  Low-freezing  dynamite  received  at  Lock  No.  1  was  ^ivin^ 
unsatisfactory  results  in  that  it  seemingly  did  not  develop  the  same 
energy  as  previous  shipments,  certain  physical  tests  were  made  to 
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determine  the  comparative  strength  of  samples  of  the  shipment. 

The  results  of  the  tests  indicated  that  the  samples  were  uniform  in 
strength,  but,  as  all  the  tests  were  made  with  fresh  explosives  taken 
from  the  original  containers,  it  was  decided  to  make  certain  efficiency 
tests  with  the  samples  after  they  had  been  submerged  in  water  for 
different  periods  of  time  and  under  varying  conditions.  It  was  also 
deemed  advisable  to  make  comparative  tests  with  other  classes  of 
dynamite  at  the  same  time  in  order  to  determine  the  type  of  explo- 
sive1 most  suitable  for  the  submarine  blasting  in  question. 

The  selection  of  an  explosive  for  submarine  work  is  of  special  im- 
portance because  of  the  severe  moisture  and  temperature  conditions 
under  which  it  must  be  used,  also  because  of  the  great  expense 
incurred  in  preparing  every  blast,  a  consideration  that  makes  any 
failure  of  importance.  It  has  also  been  generally  recognized  that 
when  used  for  blasting  under  water  explosives  produce  less  useful 
work  than  when  used  for  excavating  on  land.  This  decrease  is  due 
to  the  reduction  of  the  temperature  of  the  products  of  combustion 
and  to  the  confining  effect  of  the  water  on  the  material  to  be  blasted, 
an  effect  that  more  than  counteracts  the  beneficial  effects  of  the  water 
stemming. 

Four  different  classes  of  explosives  were  used  in  the  comparative- 
elhcicncy  tests.  They  are  commercially  known  as  40  per  cent 
strength  low-freezing  dynamite,  40  per  cent  "  straight ??  nitroglycerin 
dynamite,  40  per  cent  strength  ammonia  dynamite,  and  40  per 
cent  strength  gelatin  dynamite.  The  physical  examination  of  each 
explosive  gave  the  following  results: 

Results  of  physical  examination  of  four  classes  of  explosives. 


!  >etails  observed. 


40  per  cent 
strength  low- 
freezing  dyna- 
mite. 


Length  of  cartridge,  inches 

Diameter  of  cartridge,  inches 

Average  weight ,  grams 

Average  volume,  cubic  centimeters 

Specific  gravity 

Redipped 

Spiral  wrapped 

Color 

Consistency: 

Granulation — 

Structure 

Size 

Liquidness 

Compactness 

Cohesiveness 

Weight  of  cartridge  shell  per  100  grams 
of  explosive  ingredient,  grams. 


254 

166 

1.53 

No 

Yes 

Dark  corn 

Fibrous  and 
granular. 

Fine 

Wet 

Soft 

Slightly  cohe- 
sive. 

4.0 


40  per  cent 

"straight" 

nitroglycerin 

dynamite. 


H 

238 

163 

1.46 

No 

Yes 

Fawn 

Fibrous 

Fine 

Dry 

Soft 

Slightly  cohe 

sive. 
5.0 


40  per  cent 
strength  am- 
monia dyna- 
mite. 


11 

241 

169 

1.43 

Yes 

Yes 

Light  cafe  au 
lait. 

Granular 

Fine 

Dry 

Soft 

Slightly  cohe- 
sive. 
5.5 


40  per  cent 
strength  gela- 
tin dynamite. 


7|. 
li 

295. 
184. 
1.60. 
No. 
Yes. 
Light 
lait 


cafe   au 


Gelatinous. 

Fine. 

Wet. 
Soft, 

Moderate! y  co- 
hesive. 
2.0 


The  results  of  the  chemical  analyses  made  disclosed  the  fact  that 
these  explosives  were  made  under  formulas  somewhat  similar  to 
those  of  explosives  of  the  same  commercial  rating  generally  offered 
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for  sale  in  this  country.     The  analyses  of  these  classes  of  explosives 
are  given  in  the  following  tabulation: 

Results  of  analyses  of  four  classes  of  explosives. 


Constituent. 


nre 

Nitroglycerin 

Nitrocellulose 

Ammonium  nitrate. 

Nitrotoluene 

Sodium  nitrate 

Wood  pulp 

Sulphur 

Zinc  oxide 

Calcium  carbonate. 


40  per  cent 
strength  low- 
freezing  dyna- 
mite.a 


1.13 

27.56 


10. 13 

51.54 

8.52 


1.12 


100.00 


40  per  cent 

"straight" 

nitroglycerin 

dynamite," 


0.97 
39.19 


49.53 
9.77 


.64 


100.00 


40  per  cent, 
strength  am- 
monia dyna- 
mite, t 


0.S8 
21.60 


18.86 


46.04 

5.45 

4.85 

.88 

1.41 


100.00 


40  per  cent 

strength 

gelatin 

dynamite.'' 


1.47 
30. 70 


54.27 

3.08 

1.02 


100.00 


a  J.  H.  Hunter,  analyst. 


6  V.  .  C.  Cope,  analyst. 


TESTS    OF    EXPLOSIVES    IX    A    FROZEX    AND    IX    A    THAWED    COXDITIOX. 

Tests  were  next  made  of  explosives  in  a  frozen  and  in  a  thawed 
condition. 

The  procedure  in  the  first  test  was  to  submerge  one  cartridge  of 
each  class  of  explosive,  in  its  original  wrapper,  under  1  foot  of  still 
water  at  a  temperature  of  1°  C.  (34°  F.)  for  one  hour.  After  taking 
the  cartridges  out  of  the  water  an  attempt  was  made  to  fire  each 
separately,  unconfined,  with  a  No.  6  electric  detonator. 

The  cartridge  of  40  per  cent  strength  low-freezing  dynamite  was 
not  frozen,  but  2  inches  of  one  end  of  the  cartridge  seemed  to  have 
absorbed  an  appreciable  amount  of  water.  When  fired  the  detona- 
tion was  seemingly  complete. 

The  cartridge  of  40  per  cent  " straight"  nitroglycerin  dynamite 
was  found  in  a  frozen  condition.  However,  when  fired  complete 
detonation  resulted.  One-half  inch  of  one  end  of  this  cartridge  had 
absorbed  water. 

The  cartridge  of  40  per  cent  strength  ammonia  dynamite  was  found 
in  a  frozen  condition  but  it  detonated  completely  when  fired.  Two 
inches  of  one  end  of  this  cartridge  had  absorbed  water. 

The  cartridge  of  40  per  cent  strength  gelatin  dynamite  was  found 
in  .:  frozen  condition,  but  otherwise  there  was  no  change  in  its  app< 
ance.     There   had   seemingly   been  no   absorption  of  water.     This 
carl  ridge  failed  to  detonate  when  an  attempt  was  made  to  fire  it  with, 
a  No.  onator.     All  of  the  pieces  of  the  cartridge  that  had  been 

broken  by  the  explosion  of  the  detonator  were  recovered,  and  it  was 
evident    that    not    even    a    partial    detonation   of   the    cartridge    had 
died. 
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Further  tests  wore  made  with  frozen  cartridges  under  similar 
conditions,  except  that  the  cartridges  were  not  submerged  in  water. 
They  were  taken  from  the  magazine  in  a  frozen  condition  and  left 
for  one  hour  at  a  temperature  of  — 16°  C.  (3°  F.). 

Four  cartridges  each  of  40  per  cent  "straight"  nitroglycerin 
dynamite  and  of  40  per  cent  strength  ammonia  dynamite  were  fired 
separately,  a  complete  detonation  of  each  resulting. 

Out  of  four  trials,  one  failure  to  detonate  occurred  in  tests  of  the 
40  per  cent  strength  low-freezing  dynamite.  With  40  per  cent 
strength  gelatin  dynamite,  failures  to  detonate  occurred  in  each 
trial  in  each  of  four  tests  made. 

Similar  tests  were  then  made  by  subjecting  frozen  cartridges  of 
the  four  explosives  to  temperatures  of  6°  C.  (43°  F.)  and  of  8°  C. 
(46°  F.)  for  a  few  hours.  Under  these  conditions  the  cartridges  of  40 
per  cent  strength  gelatin  dynamite  were  the  only  ones  that  failed  to 
detonate.  The  results  of  the  tests  confirmed  the  previous  results 
obtained  with  the  gelatin  dynamite.  In  no  case  was  there  even  a 
partial  detonation  of  the  gelatin  dynamite  when  attempts  were  made 
to  fire  it  with  a  No.  6  electric  detonator  containing  a  1-gram  charge 
of  fulminate  composition. 

Logical  conclusions  as  a  result  of  the  tests  of  the  explosives  in  a 
frozen  and  in  a  thawed  condition  are: 

(1)  That  40  per  cent  strength  gelatin  dynamite  should  never  be 
used  in  blasting  operations  when  the  temperature  is  such  as  to  cause 
the  cartridges  to  freeze. 

Attention  is  also  called  to  the  fact  that  some  gelatin  dynamites, 
after  long  storage  in  tropical  countries,  so  lose  their  sensitiveness 
that  they  can  not  be  detonated  with  the  ordinary  detonators  generally 
used.  This  result  is  probably  due  to  the  fact  that  in  the  manufac- 
ture of  gelatin  dynamite  the  nitrocellulose  used  is  not  completely 
gelatinized,  so  that  when  the  dynamite  is  stored  in  hot  climates  the 
process  of  gelatinization  continues  and,  accordingly,  the  cartridges 
become  harder  and  less  sensitive. 

(2)  That,  under  the  conditions  that  exist  at  Lock  No.  1,  the  three 
other  grades  of  dynamite  are  better  adapted  for  use  during  the  winter 
months. 

However,  it  should  be  remembered  that  under  actual  mining  con- 
ditions all  of  these  grades  have  been  known  occasionally  to  detonate 
incompletely  when  used  in  a  frozen  condition,  even  when  fired  with 
No.  G  electric  detonators.  Therefore,  it  is  preferable  to  use  stronger 
electric  detonators  during  the  winter  months. 

Tests  were  also  made  to  determine  the  disruptive  effect  developed 
by  the  four  classes  of  dynamite  in  a  frozen  condition  when  fresh  and 
when  aged.  The  explosives  were  subjected  to  temperatures  of  1°  C. 
(34°  F.)   to   -12°  C.   (10°  F.),  and   tests  were  made  by  firing  100 
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grams  of  each  explosive  on  lead  blocks  which  were  at  room  tempera- 
ture, 18°  C.  (04°  F.),  the  resulting  compression  being  measured. 

The  tabulation  following  gives  the  results  of  small  lead  block  tests 
made  with  each  class  of  dynamite  when  used  in  a  thawed,  in  a  frozen, 
and  in  a  frozen  and  aged  condition.  (See  Pi.  I.)  The  results  of  the 
tests  herein  reported,  which  were  made  in  duplicate,  checked  within 
5  per  cent.  No.  6  electric  detonators,  each  containing  a  charge  of  1 
gram  of  fulminate  composition,  were  used  with  the  thawed  explosives, 
but  in  order  to  increase  the  chances  of  detonation  of  the  frozen 
explosives,  No.  8  electric  deionators,  each  containing  a  2-gram  charge 
of  fulminate  composition,  were  used.  The  compression  resultant 
from  the  40  percent  "straight"  nitroglycerin  dynamite,  when  thawed, 
is  given  a  value  of  100  per  cent  in  the  percentage  strength  column, 
and  the  results  of  tests  with  the  other  grades  are  computed  on  this 
basis  in  direct  proportion. 

Results  of  small  lead  block  tests  with  explosives  in  a  than: ed  and  in  a  frozen  condition. 


Grade 

- 

Class  of  e 

xplosive. 

40  per  cent 
strength  low- 
freezing  dvna- 

40  per  cent 
"straight" 

nitroglycerin 

40  per  cent 
strength  am- 
monia dyna- 

40 per  cent 

strength  gelatin 

dynamite. 

rhvsieal  condition  of  explo- 

of elec- 

mite. 

dynamite. 

mite. 

sive. 

tric  de- 
tonator. 

Aver- 

Dis- 

Aver- 

Dis- 

Aver- 

Dis- 

A ver- 

Dis- 

age 
com- 

rup- 
tive 

age 
com- 

rup- 
tive 

age 

com- 

rup- 
tive 

age 
com- 

rup- 
tive 

pres- 

effect. 

pres- 

effect. 

pres- 

effect. 

pres- 

effect. 

sion. 

sion. 

sion. 

sion. 

Mm. 

Per  ct. 

Mm . 

Per  ct. 

Mm. 

Pi  r  ct. 

Mm. 

Per  ct. 

Thawed,  in  a  fresh  condition. 

No.  0 

17.0 

79.4 

21.4 

100.0 

18.9 

88.3 

15.  6 

72.9 

Frozen,  in  a  fresh  condition. . 

No.  8 

12.5 

58.4 

Block  ruptured. 

18.6 

80.9 

14.9 

69.6 

Frozen,  2.}  per  cent  of  water 

added  and  well  mixed 

No.  8 

9.0 

42.1 

17.4 

81.3 

a  2. 2 

10.3 

a. 9 

4.2 

Frozen,  5  per  cent  of  water 

added  and  well  mixed 

No.  8 

a. 2 

0.9 

a  1.5 

7.0 

«.9 

4.2 

a. 8 

3.7 

a  Incomplete  detonation. 

In  Plate  I  the  effects  of  the  several  conditions  are  shown  by  A, 
B,  C,  and  D;  the  effect  of  each  explosive  (low-freezing  dynamite, 
"straight"  nitroglycerin  dynamite,  ammonia  dynamite,  and  gelatin 
dynamite)  by  blocks  1,  2,  3,  and  4.  An  unused  block,  with  steel  cap 
in  place,  is  shown  at  the  left  for  comparison. 

It  is  to  be  noted  that  40  per  cent  strength  low-freezing  dynamite 
i^  the  only  class  of  explosive  tested  that  showed  a  material  loss  in 
energy  when  fired  in  a  frozen  but  fresh  condition,  when  fired 
with  \<>.  8  electric  detonators  (2-gram  charge).  It  is  also  worthy  of 
note  that  this  is  the  first  instance  in  the  tests  made  that  a  detona- 
tion of  frozen  40  per  cent  gelatin  dynamite  occurred.  Attention  is 
called,  however,  to  the  fact  that  comparatively  small  quantities  of 
explosive  in  a  fresh  condition  were  used  in  the  tests  and  also  that 
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A.     SMALL  LEAD  BLOCK  TESTS  OF  FOUR  EXPLOSIVES  FRESHLY  THAWED. 
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B.     SMALL  LEAD  BLOCK  TESTS  OF  FOUR   FROZEN   EXPLOSIVES  IN  A  FRESH   CONDITION. 


£.     SMALL  LEAD  BLOCK  TESTS  OF  FOUR  FROZEN   EXPLOSIVES  WITH  2.}  PER  CENT  OF  WATER 

ADDED. 


D.     SMALL  LEAD  BLOCK  TESTS  OF  FOUR  FROZEN   EXPLOSIVES  WITH  5  PER  CENT  OF  WATER 

ADDED. 
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they  received  the  full  effect  of  a  powerful  detonator.  A  greater  loss 
in  efficiency  results  with  all  classes  of  explosives  after  they  have  aged 
and  taken  up  water  if  tested  in  a  frozen  condition  with  detonators  of 

less  strength.  Furthermore,  when  large  quantities  of  frozen  explosives 
used  in  actual  mining  operations  it  has  been  generally  recognized 
that  the  results  are  erratic  if  the  explosives  are  fired  with  No.  6 
electric  detonators,  and  are  especial^  so  when  detonators  of  a  lower 
grade  are  used. 

The  disruptive  force  of  the  40  per  cent  "straight"  nitroglycerin 
dynamite  when  frozen  but  in  a  fresh  condition  was  not  less  than  that 
of  the  same  dynamite  in  a  thawed  condition;  this  result  was  probably 
due  to  the  stronger  detonator  used. 

The  addition  of  water  to  the  different  classes  of  explosives  represents 
the  effect  of  aging  from  absorption  of  moisture  through  improper 
storage,  but  the  facility  with  which  these  different  classes  of  explosives 
absorb  any  definite  percentage  of  moisture  during  storage  varies  widely. 
The  gelatin  dynamite  absorbslittle  and  that  only  slightly  into  itssurface. 
On  the  other  hand,  the  ammonia  dynamite,  when  its  wrapper  is  broken 
or  distorted,  allows  its  hygroscopic  ingredients  to  absorb  moisture 
with  great  facility'.  The  above  differences  being  kept  in  mind, 
the  results  of  the  small  lead  block  tests  of  explosives  to  which  2\  per 
cent  of  water  has  been  added  are  properly  interpreted  as  showing 
that  those  of  the  40  per  cent  " straight"  nitroglycerin  dynamite  are 
comparatively  good,  that  those  of  the  40  per  cent  strength  low- 
freezing  dynamite  are  fair,  that  those  of  the  40  per  cent  strength 
ammonia  dynamite  are  very  poor,  and  that  the  results  with  the  40 
per  cent  strength  gelatin  dynamite  should  not  be  interpreted  as 
unfavorably  as  the  test  would  seem  to  warrant.  However,  the 
results  of  tests  with  explosives  to  which  5  per  cent  of  water  has  been 
added  would  probably  indicate  what  ma}^  be  expected  from  all  classes 
of  explosives  stored  under  unfavorable  conditions  for  a  long  period 
of  time. 

TESTS   OF   EXPLOSIVES    IX   A   DRY   AND    IX    A    WET   CONDITION. 

A  series  of  tests  was  undertaken  to  determine  the  energy  of  the 
four  classes  of  explosives  after  they  had  been  submerged  in  still  water 
at  a  temperature  of  17°  C.  (63°  F.)  for  different  periods  of  time. 

It  has  been  observed  in  practice  that  loss  in  efficiency  results  when 
explosives  have  been  so  submerged.  The  assumption  has  been  that 
the  resultant  reduction  of  useful  work  is  due  to  the  fact  that  the 
nitroglycerin  content  of  the  explosives  is  to  a  certain  extent  replaced 
by  water,  and  that  certain  of  their  ingredients,  such  as  the  nitrates, 
are  soluble  in  water.  The  effect  of  wTater  varies  w^ith  the  temperature, 
because  the  soluble  salts  of  explosives  are  more  readily  dissolved  in 
57258°— 13 3 
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warm  than  in  cold  water.  The  style  of  wrapper,  particularly  as 
arda  the  sealing  of  the  ends  of  the  cartridge  to  prevent  the  absorp- 
tion of  moisture  by  the  explosive  ingredients,  is  of  especial  importance. 
little  difference  was  found  in  the  wrappers  used  on  the  cartridges 
under  test,  except  that  the  cartridges  of  40  per  cent  strength  ammonia 
dynamite  had  been  redipped  during  their  manufacture  and  accord- 
ingly offered  a  greater  protection  to  the  explosive  ingredients  within. 

One  series  of  tests  with  the  ballistic  pendulum  was  made  to  deter- 
mine the  comparative  strength  of  the  explosives  (with  No.  6  electric 
detonators)  expressed  as  a  propulsive  effect.  Small  lead  block  tests 
were  made  to  determine  the  comparative  strength  expressed  as  a 
disruptive  effect.  The  ballistic  pendulum  a  measures  roughly  the 
heaving  force  and  the  small  lead  blocks  measure  approximately  the 
shattering  force.  The  user  of  explosives,  knowing  which  effect  he 
desires  to  obtain,  can  use  to  advantage  these  results  as  a  guide  in 
selecting  the  explosive  most  suitable  for  his  work. 

In  the  tests,  all  of  the  cartridges  were  properly  thawed  before  being 
submerged  in  water  and,  accordingly,  were  in  a  thawed  condition 
when  trials  were  made  to  determine  their  relative  strength.  The 
results  of  the  tests  are  presented  in  the  tabulations  following.  In 
the  tabulations  the  results  are  referred  to  different  series  designated 
by  letters,  which  are  explained  below. 

SERIES    A. 

In  the  tests  embraced  in  series  A  the  explosives  were  tested  as  received. 

SERIES    B. 

In  the  series  B  tests  the  explosives,  in  their  original  wrappers,  were  submerged  for 
one  hour  under  1  foot  of  still  water. 

The  average  weight  of  the  cartridges  of  40  per  cent  strength  low-freezing  dynamite 
was  259  grams  before  soaking,  and  270  grams  after  soaking,  showing  an  increase  in 
weight  of  4.2  per  cent.  Each  cartridge  was  soaked  about  2  inches  from  the  hand- 
crimped  end  of  the  cartridge  shell. 

The  cartridges  of  40  per  cent  "straight"  nitroglycerin  dynamite  were  affected  in  a 
similar  way,  except  that  the  average  increase  in  the  weight  of  the  cartridges  was  2.4 
per  cent. 

The  cartridges  of  40  per  cent  strength  ammonia  dynamite  were  soaked  only  one-fourth 
of  an  inch  from  the  hand-crimped  end  of  the  cartridge  shell,  and  the  average  increase 
in  the  weight  of  the  cartridges  was  1.1  per  cent.  It  is  worthy  of  note  that  this  class  of 
explosive,  containing  19  per  cent  of  ammonium  nitrate,  was  little  affected  by  the 
water  test.  This  result  was  due  to  the  protection  afforded  by  the  cartridge  shells  used, 
and  si  lows  the  benefit  of  redipping  the  cartridges  of  explosives  in  melted  paraffin. 

The  cartridges  of  40  per  cent  strength  gelatin  dynamite. showed  little,  if  any,  absorp- 
tion of  wuter.  The  average  increase  in  the  weight  of  the  cartridges  was  1.0  per  cent. 
This  Increase  was  accounted  for  by  the  water  that  remained  inside  tin*  cartridge  and 
oh  th<>  surface  of  the  plastic  ingredients. 

a  Sec  pp.  45-46. 
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SERIES   C. 

Iii  the  series  C  tests  the  explosives  were  submerged  for  one  hour  under  1  foq^t  of 
still  water  but  the  cartridges  were  previously  slit  three  times  from  end  to  end.  This 
was  done  in  order  to  represent  unusually  rough  handling  of  the  cartridges,  and  also 
to  determine  the  effect  of  water  on  the  cartridges  of  explosives  when  rammed  into  the 
drill  holes. 

The  cartridges  of  40  per  cent  strength  low-freezing  dynamite,  of  40  per  cent 
' 'straight"  nitroglycerin  dynamite,  and  of  40  per  cent  strength  ammonia  dynamite 
showed,  respectively,  an  average  less  in  weight  of  7.0,  8.7,  and  1.1  per  cent.  All 
cartridges  seemed  to  be  saturated  thoroughly  and  uniformly. 

The  cartridges  of  40  per  cent  strength  gelatin  dynamite  showed  an  average  loss  in 
weight  of  only  0.3  of  1  per  cent.  There  was  no  visible  change  in  the  appearance  of 
the  explosive  ingredients. 

The  loss  in  weight  of  the  other  classes  of  explosives  is  only  partly  indicated  by  the 
figures  given,  because  there  was  a  certain  absorption  of  water  which  tends  to  increase 
their  weights.  It  was  observed  during  the  tests  that  the  cartridges  at  first  gained 
weight  by  taking  up  water  and  then  lost  weight  by  the  dissolving  of  the  soluble  in- 
gredients. 

SERIES    D. 

In  the  tests  embraced  in  series  D  the  cartridges,  in  their  original  wrappers,  were 
submerged  for  eight  and  one-half  hours  under  1  foot  of  still  water. 

The  cartridges  of  40  per  cent  strength  low-freezing  dynamite,  of  40  per  cent 
"straight"  nitroglycerin  dynamite,  of  40  per  cent  strength  ammonia  dynamite,  and 
40  per  cent  strength  gelatin  dynamite  showed  an  average  increase  in  weight  of 
0.0,  2.1,  8.1,  and  4.2  per  cent,  respectively.  All  cartridges,  except  those  of  40  per 
cent  strength  gelatin  dynamite,  were  thoroughly  and  evenly  saturated,  and  after  they 
had  been  allowed  to  stand  the  usual  time  for  draining  at  room  temperature  it  was 
noted  that  the  lower  ends  of  the  outside  of  the  cartridge  shells  for  a  distance  of 
2  inches  were  covered  with  crystallized  nitrates. 

The  cartridges  of  40  per  cent  strength  gelatin  dynamite  showed  no  change  in  the 
appearance  of  the  cartridge  shells  or  of  the  explosive  ingredients. 

SERIES    E. 

In  the  series  E  tests  the  cartridges,  in  their  original  wrappers,  were  submerged  for 
eight  and  one-half  hours  under  1  foot  of  still  water  but  the  cartridges  were  previously 
slit  three  times  from  end  to  end. 

The  cartridges  of  40  per  cent  strength  low-freezing  dynamite,  40  per  cent  "straight " 
nitroglycerin  dynamite,  40  per  cent  strength  ammonia  dynamite,  and  40  per  cent 
strength  gelatin  dynamite  showed  an  average  loss  in  weight  of  13.8,  16.0,  14.4,  and 
0.0  per  cent,  respectively.  All  of  the  cartridges,  except  those  of  40  per  cent 
strength  gelatin  dynamite,  were  completely  saturated  so  that  in  taking  them  out  of 
the  water  extreme  care  was  required  in  order  to  retain  the  explosive  ingredients  in 
the  cartridge  shells.  As  in  all  previous  tests,  there  was  no  visible  change  in  the  ap- 
pearance of  the  cartridges  of  40  per  cent  strength  gelatin  dynamite.  In  none  of  the 
tests  was  any  liquid  nitroglycerin  found  in  any  of  the  pails  used,  and  only  in  the 
series  E  tests  was  any  appreciable  quantity  of  sediment  found  in  the  bottom  of  the 
pails. 


3-1  SELECTION   OF   EXPLOSIVES. 

BALLISTIC-PENDULUM    TESTS. 

The  results  of  (he  ballistic-pendulum  tests  are  tabulated  below: 

Results  of  ballistic-pendulum  tests  to  determine  the  comparative  propulsive  effect  of  four 

explosives. 

AMOUNTS  OF  EXPLOSIVES  EQUIVALENT  TO  227  CRAMS  (\  POlTND)  OF  STANDARD  TEST- 
ING-STATION  40  PER  CENT   "STRAIGHT"  NITROGLYCERIN  DYNAMITE. 


Series — 

40  per  cent 

strength 

low-freezing 

dynamite. 

40  per  cent 
"straight" 
nitroglyc- 
erin dyna- 
mite. 

40  per  cent 
Btrength 

ammonia 
dynamite. 

40  per  cent 

strength 

gelatin 

dynamite. 

A  

Grams. 
229 
233 
239 
235 
« 1,009 

Grams. 
234 
240 

235 

241 

a  857 

Grams. 
241 
247 
258 
279 
o848 

Grams. 

283 

l\ 

288 

(                           

282 

[)             

281 

E 

279 

COMPARATIVE  STRENGTHS  IN  PERCENTAGES.^ 


A 

102 
100 

98 
100 

a  23 

100 
98 

100 
97 

a  27 

97 
95 
91 

84 
«2S 

83 

B 

81 

C 

83 

D 

S3 

E 

84 

a  One  shot  of  each  failed  to  explode. 

b  40  per  cent  "straight  "  nitroglycerin  dynamite  in  its  ordinary  condition  is  given  a  value  of  100  per  cent, 
the  results  of  the  tests  being  computed  in  direct  proportion  on  this  basis. 

The  results  of  the  tests  of  the  explosives  in  the  form  received 
(series  A)  show  that  the  propulsive  effect  developed  by  the  40  per 
cent  strength  low-freezing,  the  40  per  cent  "straight"  nitroglycerin, 
and  the  40  per  cent  strength  ammonia  dynamites  were  practically  the 
same.  It  is  evident,  however,  that  the  40  per  cent  strength  gelatin 
dynamite  is  not  as  efficient  and  will  not  develop  the  same  heaving 
and  pushing  force  as  the  other  types  of  explosives. 

In  the  series  B  tests  (cartridges  soaked  in  their  original  wrappers 
for  one  hour  in  still  water)  it  is  to  be  noted  that  there  was  no  material 
loss  in  the  propulsive  effect  of  any  of  the  explosives  tested. 

In  the  tests  embraced  in  series  C  the  cartridges  that  had  been  pre- 
viously slit  and  then  soaked  for  one  hour  in  still  water  did  not  show 
any  reduction  in  the  propulsive  effect  from  that  obtained  in  the  series 
B  tests. 

In  the  series  D  tests,  embracing  cartridges  soaked  in  their  original 
wrappers  for  eight  and  one-half  hours  in  still  water,  the  40  per  cent 
strength  ammonia  dynamite  showed  a  loss  in  propulsive  effect  of  13 
per  cent.  With  the  other  explosive  there  was  no  perceptible  reduc- 
tion; the  variations  in  results  obtained  are  within  the  limits  of  error 
of  the  apparatus. 

The  greatest  reduction  of  propulsive  effect  is  shown  in  the  results 
of  the  3<  pic  E  tests  (cartridges  slit  from  vnd  to  end  and  then  sub- 
merged for  eight  and  one-half  hours  under  1  foot  of  still  water).     The 
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40  per  cent  strength  low-freezing  dynamite,  the  40  per  cent 
"straight"  nitroglycerin  dynamite,  and  the  40  per  cent  strength 
ammonia  dynamite  showed  losses  in  propulsive  effect  of  77,  73,  and 
72  per  cent,  respectively.  The  40  per  cent  strength  gelatin  dynamite, 
as  in  all  previous  soaking  tests,  showed  no  loss  in  propulsive  effect. 


SMALL    LEAD    BLOCK    TESTS. 

The  results  of  the  tests  with  small  lead  blocks  are  given  in  the  fol- 
lowing tabulation: 

Results  of  small  lead-block  tests  to  determine  the  comparative  disruptive  effect  of  explosives. 

COMPRESSION  OF  LEAD  BLOCKS. 


Series — 

40  per  cent 

strength 
low-freezing 

dynamite. 

40  per  cent 
•'straight "' 
nitroglyc- 
erin dyna- 
mite. 

40  pc-r  cent 
strength 
ammonia 

dynamite. 

40  per  cent 

strength 

gelatin 

dynamite. 

A 

mm. 
17.0 
13.0 
11.9 
13.5 
.0 

mm. 
21.4 
18.0 
11.4 

11.4 
.0 

mm. 
18.9 
13.6 
10.5 
10.9 
.0 

mm. 

15.6 

B 

13.5 

c 

14.2 

D 

13.5 

E    

12.6 

COMPARATIVE  STRENGTHS  IN  PERCENTAGES." 


A 

79 
61 
56 
63 
0 

100 

84 

53 

53 

0 

88 
64 
49 
51 
0 

73 

B 

63 

C 

66 

D 

63 

E 

59 

a  40  per  cent  "straight"  nitroglycerin  dynamite  in  its  ordinary  condition  is  given  a  value  of  100  per  cent, 
the  results  of  the  tests  being  computed  in  direct  proportion  on  this  basis. 

The  appearance  of  the  blocks  after  the  tests  is  shown  in  Plate  II,  in 
which  A}  By  C,  D,  and  E  represent  the  corresponding  series  in  the 
table  of  results,  and  1,  2,  3,  and  4  the  blocks  deformed  by  the  action 
of  low-freezing,  " straight' J  nitroglycerin,  ammonia,  and  gelatin  dyna- 
mite, respective]}^. 

It  has  often  been  observed  that  gelatin  dynamite  used  unconfined 
rather  than  confined  suffers  a  greater  loss  of  efficiency  than  do  the 
other  three  classes  of  "high"  explosives.  Consequently  it  is  not 
surprising  that  the  compression  of  the  small  lead  blocks  was  less  with 
this  explosive  than  with  the  others  tested.  The  observation  men- 
tioned is  illustrated  by  the  results  of  the  tests,  as  follows: 

The  compression  of  the  small  lead  block  by  the  40  percent  "straight" 
nitroglycerin  dynamite  fired  in  the  usual  way  was  21.4  mm.,  but  when 
the  dynamite  was  confined  in  a  can  of  water  6  inches  high  and  3 J 
inches  in  diameter  the  compression  was  22.6  mm.,  a  difference  of 
1.2  mm.  On  the  other  hand,  the  compression  by  40  per  cent 
strength  gelatin  dynamite,  fired  in  the  usual  way,  was  15.6  mm    but 
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when  the  dynamite  was  confined  in  a  can  of  water  G  inches  high  and 
3J  inches  in  diameter  the  compression  was  20.9  mm.,  a  difference  of 
5.3  mm.  The  above  results,  however,  must  be  interpreted  with 
:ird  to  the  fact  that  the  mechanical  equivalent  of  the  compression 
of  lead  increases  per  unit  compression  with  an  increase  in  the 
ipression. 

In  the  tests  made  with  explosives  as  received  (series  A)  the  greatest 
disruptive  effect  was  developed  with  40  per  cent  "straight"  nitro- 
giycerin  dynamite;  accordingly,  this  class  of  explosive  exerts  the 
greatest  shattering  force. 

When  the  cartridges  in  their  original  WTappers  were  soaked  for  one 
hour  (series  B)  the  40  per  cent  "straight"  nitroglycerin  dynamite 
again  showed  the  highest  efficiency,  but  when  the  cartridges  wrere  slit 
and  soaked  for  one  hour  this  superiority  did  not  exist. 

It  is  evident  from  the  results  of  the  tests  embraced  in  series  C  that 
40  per  cent  strength  gelatin  dynamite,  as  compared  with  the  other 
explosives  tested,  develops  the  greatest  disruptive  effect  when  the 
cartridges  are  slit  and  soaked  for  one  hour,  or  wdien  cartridges  in 
their  original  wrappers  are  soaked  for  8J  hours,  as  in  the  series  D 
tests. 

When  the  cartridges  were  slit  and  soaked  8J  hours  (series  E)  the 
40  per  cent  strength  gelatin  dynamite  showed  a  loss  in  disruptive 
effect  of  14  per  cent.  Under  the  same  conditions  the  other  classes 
of  dynamites  failed  to  detonate  with  No.  6  detonators,  or  at  least  suffi- 
cient energy  wras  not  developed  to  deform  the  lead  blocks  in  any  of 
the  tests  made. 

PRACTICAL  CONCLUSIONS. 

The  procedure  followed  in  connection  with  the  work  of  blasting 
rock  in  the  bottom  of  the  Monongahela  River  at  Lock  No.  1  is  in 
accordance  with  good  mining  practice.  All  explosives  are  carefully 
loaded  in  drill  holes.  They  are  not  simply  placed  on  the  material  to 
be  blasted,  a  practice  that,  although  sometimes  followed  in  wTork  of 
this  kind,  can  not  be  considered  economical. 

In  reference  to  the  electric  detonators  used,  it  would  seem  that  No.  G 
electric  detonators  are  satisfactory  for  the  wrork,  except  during  the 
winter  months  when  the  temperature  of  the  water  is  low  enough  to 
cause  the  explosive  charge  to  freeze.  The  factor  of  safety  would  be 
greater  if  No.  7  or  No.  8  electric  detonators  were  used. 

In  view  of  the  fact  that  out  of  286  shots  fired  only  one  detonator 
failed  to  explode  owing  to  the  absorption  of  water,  the  use  of  the  more 
expensive  waterproof  electric  detonators  is  not  warranted.  How- 
ever, at  lent  ion  is  called  to  the  Fact  that  electric  detonators  similar  to 
those  now  being  used  for  wet  work  on  the  Isthmus  of  Panama  can  be 
purchased  at  the  same  cost  as  ordinary  electric  detonators.  Such 
detonators  contain   a  viscous  compound  between  the  sulphur  plug 
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A.     SMALL   LEAD  BLOCK  TESTS  OF  FOUR   EXPLOSIVES  AS  RECEIVED. 


B.     SMALL  LEAD  BLOCK  TESTS  OF  FOUR  EXPLOSIVES  SOAKED   IN  WATER  FOR  ONE  HOUR  IN 

THEIR  ORIGINAL  WRAPPERS. 


itn^w 


C.     SMALL    LEAD  BLOCK  TESTS  OF   FOUR  EXPLOSIVES  SLITTED   AND   SOAKED    IN    WATER  FOR 

ONE  HOUR. 


3  4 

D.     SMALL  LEAD  BLOCK  TESTS  OF   FOUR    EXPLOSIVES  AFTER   SOAKING   IN  WATER  FOR  EIGHT 
AND   ONE-HALF  HOURS  IN  THEIR  ORIGINAL  WRAPPERS. 


E.     SMALL  LEAD  BLOCK  TESTS  OF  FOUR  EXPLOSIVES  SLITTED  AND   SOAKED   IN  WATER  FOR 

EIGHT  AND  ONE-HALF  HOURS. 
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and  the  sulphur  filling  of  the  detonator.  An  electric  detonator  so 
manufactured  withstands  submersion  in  water  for  several  hours. 

In  reference  to  the  operation  of  the  No.  3  firing  machine,  the  rec- 
ommendation is  made  that  the  ratchet  bar  be  pushed  down  quickly 
and  forcibly  in  order  to  obtain  the  maximum  speed  of  the  revolving 
armature.  This  manner  of  operation  is  necessary,  because  the  cross- 
sectional  area  of  the  platinum  bridges  of  electric  detonators  is  not 
uniform,  and  as  a  result  some  detonators  will  fail  if  sufficient  currem 
is  not  produced  to  heat  all  the  bridges  to  the  proper  temperature. 

From  the  results  of  tests  reported  herein  it  is  evident  that  40  per 
cent  " straight"  nitroglycerin  dynamite  is  the  most  suitable  class  of 
explosive  for  this  submarine  work. 

If  the  work  required  longer  intervals  in  the  preparation  of  the  shots, 
or  if  there  were  a  material  change  in  the  character  of  the  rock  to  be 
blasted,  requiring  explosives  of  different  characteristics,  the  other 
classes  of  explosives  might  be  used  to  advantage,  subject  to  the 
conditions  set  forth  in  this  publication. 

TESTS  OF  EFFECT  OF  SUPERINCUMBENT  MATERIAL. 

As  practically  all  primary  blasting  is  done  in  material  that  is  in 
some  measure  confined,  it  is  reasonable  to  assume  that  this  confining 
material  will  always  offer  resistance  to  the  force  of  explosives  and 
that  the  resistance  will  vary  with  the  kind  of  material  and  the  degree 
of  confinement. 

From  what  has  been  said  before,  it  is  obvious  that  the  useful  work 
that  is  obtained  from  explosives  depends  upon  the  class  and  grade 
of  explosive,  the  quantity  used,  its  physical  condition,  the  method  of 
application  and  the  material  blasted,  but  in  submarine  blasting  there 
is  another  factor  that  is  more  liable  to  be  overlooked  than  any  of 
these  although  it  is  of  great  importance,  namely,  the  effect  of  the 
superincumbent  material. 

In  order  to  illustrate  the  importance  of  this  factor,  tests  on  small 
lead  blocks  and  on  a  high  grade  of  limestone  were  made,  all  conditions 
being  the  same  except  the  character  of  the  superincumbent  material. 
In  one  case  the  quantity  of  explosive  used  was  also  varied. 

The  equipment  used  in  the  small  lead  block  tests  a  is  shown  in 
figure  6.  In  addition  to  the  regular  small  lead  block  equipment, 
cylinders  containing  water  were  used  as  shown  in  the  figure.  In  one 
case  only  the  charge  of  explosive  was  immersed  in  a  cylinder  of 
water,  which  in  turn  rested  on  the  steel  plate  on  top  of  the  lead  block. 
In  the  other  case  the  explosive,  the  steel  plate,  and  the  lead  block 
were  all  immersed  in  the  water.  With  the  explosive  only  immersed, 
the  compression  due  to  explosion  was  17.8  mm.     With  the  explosive, 

a  See  also  pp.  35-36. 
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the  steel  plate,  and  the  block  all  immersed,  the  compression  was  13.0 
mm.  In  each  of  these  tests  100  grams  of  40  per  cent  strength 
gelatin  dynamite  was  used  and  the  lesser  compression  was  a  result  of 
the  confining  effect  of  the  water  surrounding  the  small  lead  block. 

"Adobe  shots'1  were  then  made  on  two  high-grade  limestone  blocks 
cut  from  the  same  large  block  and  weighing  215  and  203  pounds 
(see  a  and  c,  PI.  Ill,  A).  Each  block  was  approximately  a  cube, 
measuring  12 h  by  12  J  by  13  inches.  The  heavier  block  was  selected 
for  tests  in  the  air.     It  was  laid  on  two  6  by  6  inch  timbers,  and  on 

the  center  of  the  top  side  a 
50-gram  lj-inch  cartridge 
of  the  40  per  cent  strength 
low-freezing  dynamite  was 
placed.  A  Xo.  6  electric 
detonator  was  inserted  in 
the  cartridge  and  laid  par- 
allel to  the  vertical  bedding: 
planes  of  the  block.  The 
charge  was  then  covered 
with  a  35-pound  mud  cap 
consisting  of  30  pounds  of 
dry  fire  clay  mixed  with  5 
pounds  of  water  (see  c.  PI. 
111,-4)  and  fired.  The  block 
was  not  shattered  on  top, 
but  pieces  were  split  off 
around  the  sides  (see  b,  PI. 
Ill,  B).  The  other  block  was  then  immersed  in  a  barrel  of  water 
baring  a  temperature  of  70°  F.  The  water  was  32  inches  deep,  there 
being  13J  inches  of  water  above  the  block.  The  charge  was  the  same 
as  in  the  previous  trial  except  that  no  mud  cap  was  used,  and  the  charge 
was  coated  with  paraffin  in  order  to  protect  it  from  absorbing  water. 
On  firing  no  apparent  damage  was  done  to  the  block  and  no  cracks 
were  visible.  This  trial  was  then  repeated  on  the  same  block  immersed 
in  water  with  a  charge  of  fOO  grams  (see  a,  PI.  Ill,  B).  Tins  greater 
charge  did  not  break  up  the  block  as  much  as  did  the  50-gram  charge 
when  the  block  was  in  air  only.  The  following  tabulation  shows 
comparative  results: 

Comparati  i  of  adobe  shots  on  It  blocks. 


Figure  6.— Equipment  used  in  tests  to  show  the  effect  of 
surrounding  medium  on  compression  of  small  lead  blocks 
by  an  explosive. 
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«  After  firing  a  50-gram  charge. 
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A.  LIMESTONE  BLOCKS  BEFORE  TESTS:  a,  BLOCK  AND  CHARGE  BEFORE  PUTTING  ON  MUD 
CAP  FOR  ADOBE  TEST;  b,  BLOCK  DRILLED  AND  CHARGED  FOR  BLOCK-HOLE  TEST;  c, 
BLOCK  AND  CHARGE  AFTER  PUTTING  ON  MUD  CAP  FOR  ADOBE  TEST. 


a  b 

B.  RESULTS  OF  ADOBE  TESTS:  a,  WITH  BLOCK  IMMERSED  IN  WATER,  CHARGE,  100  GRAMS 
OF  40  PER  CENT  STRENGTH  LOW-FREEZING  DYNAMITE;  b,  WITH  BLOCK  IN  AIR,  CHARGE, 
50  GRAMS  OF  SAME  EXPLOSIVE. 


W^S&m 

C.  RESULTS  OF  BLOCK-HOLE  TESTS:  a,  WITH  BLOCK  IMMERSED  IN  WATER,  CHARGE,  5 
GRAMS  OF  40  PER  CENT  STRENGTH  LOW-FREEZING  DYNAMITE;  b,  WITH  BLOCK  IN  AIR, 
CHARGE,  5  GRAMS  OF  SAME  EXPLOSIVE. 
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Other  similar  tests  confirmed  in  every  particular  these  tests,  and 
again  the  confining  effect  of  the  surrounding  material  was  shown. 
The  above  experimental  proof  is  presented  as  a  confirmation  of 
practical  experience  that  submarine  blasting  requires  larger  charges 
to  disrupt  a  given  amount  of  material  than  open  work  on  similar 
materials. 

Block-hole  tests  were  made  on  twro  similar  high-grade  limestone 
blocks  cut  from  the  same  large  block  and  weighing  198  and  205 
pounds.  A  hole  1  inch  in  diameter  and  6  inches  deep  was  drilled 
from  the  center  of  one  side  to  the  center  of  the  block.  (See  b, 
PI.  Ill,  A.)  Each  was  charged  with  5  grams  of  the  40  per  cent 
strength  low-freezing  dynamite.  A  No.  6  electric  detonator  was  used. 
The  bore  hole  was  filled  wdth  water  in  each  case.  The  198-pound 
block  was  fired  in  air  (see  b,  PL  III,  C)  and  the  205-pound  block 
was  suspended  in  a  barrel  of  water  in  the  same  manner  as  in  the 
previous  tests.  Both  blocks  were  broken  (see  a,  PI.  Ill,  C).  The 
following  tabulation  shows  the  confining  effect  of  the  surrounding 
water: 

Comparative  results  of  block-hole  tests  with  limestone  blocks. 
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Incidently  the  tests  with  the  high-grade  limestone  blocks  show  the 
superiority  of  the  block-hole  method  of  shooting  as  compared  with 
adobe  shooting,  even  though  the  mud  cap  in  the  abode  shooting  be 
very  large. 


DETERMINATION  OF  THE  RELATIVE  ENERGY  AND 

EFFICIENCY  OF  EXPLOSIVES. « 

It  is  evident  that  in  hard-rock  blasting  operations  in  which  a 
shattering  effect  is  desired,  the  explosive  reaction  should  be  quick 
and  explosives  should  be  selected  having  a  high  rate  of  detonation. 
Likewise,  for  work  in  soft  and  friable  ground  an  explosive  should  be 
selected  that  develops  gases  at  a  slow  rate,  in  order  that  the  pressure 
exerted  wall  be  more  prolonged.  In  medium  hard  rock  one  might 
expect  that  an  explosive  having  an  intermediate  rate  would  be  most 

a  For  detailed  descriptions  of  methods  and  apparatus  used  at  the  Pittsburgh  experiment  station  for  test- 
ing explosives,  see  Bull.  15,  Bureau  of  Mines,  Investigations  of  explosives  used  in  coal  mines,  by  Clarence 
Hall,  W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  G.  A. 
Burrell,  and  an  introduction  by  C.  E.  Munroe,  1912.    19/  pp.,  7  pis. 
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able,  but  such  is  not  always  the  case.  The  lack  of  uniformity  in 
and  the  fact  that  a  perfectly  homogeneous  mass  or  bed  rarely 
are  important  considerations  in  blasting.     In  the  Middle  West 

re  are  fairly  uniform  limestone  beds  12  to  14  feet  thick  in  which 
quarry  operations  are  being  conducted.    In  one  of  these  quarries  visited 

I  he  writers,  stone  was  being  produced  in  one  part  of  the  quarry  at  a 
cost  of  6  cents  per  ton  for  the  explosives  used.  An  explosive  havir 
low  rate  of  detonation  gave  satisfactory  results  there.  In  another 
part  of  the  same  quarry  a  different  type  of  explosive  having  a  much 
higher  rate  of  detonation  was  found  necessary  in  order  to  produce 
stone  at  the  same  cost,  because  local  irregularities,  such  as  clay 
"slips"  and  bedding  cracks  were  more  pronounced  in  that  part  of  the 
quarry.  Practical  experience  had  shown  that  an  explosive  that 
develops  its  gases  at  a  slow  rate  loses  much  of  its  energy  through  the 
escape  of  the  evolved  gases  along  the  clay  "slips,"  its  efficiency  being 
thus  reduced. 

After  a  suitable  class  of  explosive  has  been  selected,  it  is  necessary 
to  determine  the  grade  or  strength  of  the  explosive  that  is  best 
adapted  to  the  proposed  work  and  that  produces  most  economical 
results.  It  is  well  known  that  the  potential  energy  of  an  explosive 
can  be  computed  by  measuring  in  a  calorimeter  the  heat  evolved  on 
explosion.  The  potential  energy  thus  obtained  represents  the  ma 
mum  work  that  an  explosive  can  theoretically  accomplish.  But  as 
the  useful  work  resulting  from  the  use  of  explosives  is  a  small  per- 
centage of  the  theoretical  maximum,  and  varies  considerably  with 
the  different  classes  of  explosives,  knowledge  of  the  potential  energy 
of  explosives  is  of  little  value  to  the  engineer  in  selecting  a  suitable 
explosive.  For  example,  blasting  gelatin,  which  is  considered,  on 
account  of  its  high  potential  energy,  the  most  powerful  blasting  agent 
known  and  hence  the  ideal  explosive,  has  seldom  given  satisfactory 
or  economical  results  in  practice  in  this  country.  This  is  probably 
because  the  physical  character  of  blasting  gelatin  is  such  that  rapid 
detonation  is  not  obtained  with  the  means  or  devices  ordinarily  used 
in  this  country  for  detonating  explosives. 

It  has  been  impossible  to  devise  a  single  piece  of  apparatus  for 
measuring  both  the  disruptive  and  the  propulsive  effects  produced 
by  explosives.  The  apparatus  used  at  the  Pittsburgh  testing  station 
for  determining  these  factors,  which  approximates  the  determination 
of  the  relative  strength  of  explosives,  is  briefly  described  below,  a 
tabulation  of  the  results  of  tests  made  with  different  explosives  being 
presented. 

MEASUREMENT  OF  POTENTIAL  ENERGY. 

The  apparatus  used  at  the  Pittsburgh  experiment  station  for  meas- 
uring the  potential  energy  of  explosives  is  the  calorimeter. 


RELATIVE   ENERGY   AND   EFFICIENCY   OF    EXPLOSIVES.  41 

CALORIMETER. 

The  construction  of  the  explosives  calorimeter  is  similar  to  that  of 
the  bomb  calorimeters  used  for  determining  the  heating  value  of  fuels 
The  reacting  bodies  arc  exploded  in  a  bomb  enveloped  by  a  mass  of 
water  of  known  weight,  and  the  increase  in  temperature  of  the  water 
is  measured  with  great  precision.  The  bomb  is  made  large  and 
strong  so  that  it  may  withstand  the  tremendous  pressures  resulting 
from  the  explosion.  It  is  air-tight  and  practically  all  of  the  air  it 
contains  is  pumped  out  by  means  of  a  rotary  pump,  before  the 
charge  is  placed  within  it. 

The  bomb  has  a  capacity  of  30  liters  and  weighs  158  pounds.  It  is 
provided  with  a  cover  through  which  the  charge  may  be  placed,  a 
valve  through  which  the  air  may  be  pumped,  and  an  insulated  plug 
for  carrying  the  electric  current  to  the  detonator  placed  in  the  charge. 
The  charge  used  is  100  grams.  No  oxidizing  material  other  than 
that  supplied  by  the  explosive  itself  is  used.  The  water  in  which 
the  bomb  is  submerged  weighs  182  pounds.  The  rise  in  tempera- 
ture of  this  water  after  the  explosion  of  a  charge  is  measured  by 
a  thermometer  reading  to  thousandths  of  a  degree  Centigrade. 
Each  result  herein  reported  is  the  average  of  two  tests  agreeing  within 
5  per  cent. 

MEASUREMENT  OF  DISRUPTIVE  EFFECT. 

The  devices  used  to  measure  approximately  the  disruptive  effect 
of  explosives,  which  bears  a  close  relation  to  the  percussive  or  shat- 
tering force,  are  the  rate  of  detonation  apparatus,  Trauzl  lead 
blocks,  and  small  lead  blocks. 

METTEGANG    RECORDER. 

The  rate  of  detonation  apparatus  comprises  a  Mettegang  recorder 
and  a  covered  pit  in  which  the  charge  made  up  into  a  cartridge  file  is 
placed  previous  to  the  test. 

The  Mettegang  recorder  consists  of  a  soot-covered  bronze  drum, 
pointed  platinum  terminals,  tooth  gear,  and  measuring  adjustment, 
electric  motor,  vibration  tachometer,  and  induction  coils  having 
primaries  without  iron  cores.  The  drum  is  500  millimeters  in  circum- 
ference and  may  be  driven  at  any  speed  up  to  105  revolutions  per  sec- 
ond. One  edge  of  the  drum  is  provided  with  500  teeth,  the  same 
number  as  there  are  millimeters  in  the  circumference.  An  endless 
screw  engages  these  teeth  and  a  pointer  on  this  screw  moves  on  a 
dial.  Four  platinum  terminals  are  held  by  a  nonconducting  arm 
which  may  be  moved  so  that  the  points  are  any  desired  distance  from 
the  drum.  Each  point  is  in  series  with  a  secondary  coil,  the  other 
terminal  of  which  is  grounded  to  the  drum  through  the  base  of  the 
machine.     Each  primary  coil  is  in  series  with  ten   16-candiepower 
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lamps  and  a  copper  wire  running  through  one  end  of  the  cartridge 
file.  The  current  used  in  the  primary  circuit  has  a  potential  of  220 
volts.  The  vibration  tachometer  is  connected  to  an  auxiliary  shaft, 
which  engages  the  main  shaft  by  gears,  thus  preventing  any  irregu- 
larity in  speed  due  to  slipping.  The  points  of  the  drum  arc  focussed 
on  the  cross  hairs  of  a  filar  eyepiece  which,  with  the  endless  screw, 
provides  an  exact  means  of  measuring  the  distance  between  the  two 
points. 

The  pit  in  which  the  cartridge  file  is  suspended  is  16  feet  in  diameter 
and  11  feet  deep,  and  is  closed  at  the  top  by  means  of  a  heavy  rein- 
forced concrete  cover.  A  manhole  in  this  cover  provides  entrance  to 
the  interior. 

Each  rate-of-detonation  result  herein  reported  is  the  average  of 
two  trials  agreeing  within  5  per  cent.  The  determination  was  made 
on  a  cartridge  file  of  explosive  1J  inches  in  diameter  and  1  meter  in 
length,  inclosed  in  a  galvanized  sheet-iron  tube  42  inches  long  and  1^ 
inches  in  internal  diameter.  Copper  wires  leading  from  the  Mette- 
gang  recorder  were  passed  through  the  cartridge  file  1  meter  apart, 
the  cartridge  file  was  exploded,  and  from  the  time  internal  between  the 
breaking  oi  the  wires,  as  shown  by  the  recorder,  was  computed  the 
rate  of  detonation. 

The  rate  of  burning  of  black  blasting  powder  was  determined  by 
placing  it  in  a  hydraulic  pipe  having  an  inside  diameter  of  1J  inches. 
Each  end  of  the  pipe  was  filled  with  plaster  of  paris,  the  plaster  ex- 
tending for  4  inches  at  one  end  and  for  1  inch  at  the  other  end.  The 
charge  was  fired  by  means  of  an  electric  igniter.  The  time  interval 
was  determined  by  the  Mettegang  recorder. 

DETOX ATIXG  FUSE  (CORDEAU  DETOXAXT). 

A  unique  method  for  determining  the  rate  of  detonation  of  explo- 
sives by  means  of  detonating  fuse  (cordeau  detonant),  known  as  the 
Dautriche  method,0  is  as  follows: 

A  cartridge  of  explosive  or  an  explosive  file  is  suspended  freely  in 
the  air,  and  at  two  points  within  the  cartridge  or  file  at  a  known  dis- 
tance apart  are  placed  two  detonators  into  each  of  which  is  pre- 
viously crimped  one  end  of  a  continuous  detonating  fuse,  usually 
about  1  yard  long.  This  fuse  is  bent  so  as  to  lie  on  a  lead  plate 
J  by  3  by  15  inches  in  such  a  way  that  its  middle  point  is  directly 
over  a  previously  marked  position  on  the  plate.  The  detonation  of 
the  cartridge  ol  explosive  detonates  the  detonators,  and  these  in 
turn  detonate  an  end  of  the  detonating  fuse.  The  point  on  the 
Lead  plate  at  which  the  detonations  in  the  fuse  meet  is  easily  deter- 
mined. The  fuse  has  a  known  rate  of  detonation  and  from  this,  and 
the  distance  between   the  mark  showing  the  middle  point  of  the 

aComey,  A.  If.,  Study  of  the  velocity  of  detonation:  7th  Inter.  Cong.  App.  (hem..  Sec.  Illb,  p.  28. 


RELATIVE    ENERGY    AND   EFFICIENCY    OF    EXPLOSIVES.  43 

detonating  fuse  and  the  point  on  the  load  plate  at  which  the  detona- 
tions meet,  may  easily  be  computed  the  rate  of  detonation  of  the 
explosive.  The  detonating  fuse,  known  as  "cordeau  detonant,"  is 
made  in  diameters  of  4  mm.  and  6  mm.,  costs  about  10  to  15  cents 
per  yard,  and  may  now  be  procured  in  this  country.  A  few  tests 
have  been  made  with  it  at  the  testing  station  of  the  Bureau  of  Mines. 
The  results  obtained  were  fairly  uniform  and  compared  favorably  with 
the  results  obtained  with  a  Mettegang  recorder  as  heretofore  described. 

TRAUZL    LEAD    BLOCKS. 

The  Trauzl  lead-block  test  was  conducted  in  the  manner  approved 
by  the  Fifth  International  Congress  of  Applied  Chemistry.  A  cylin- 
drical block  of  desilverized  lead  200  millimeters  in  diameter  and  200 
millimeters  in  height,  with  an  axial  bore  hole,  25  millimeters  in  diam- 
eter and  125  millimeters  deep,  was  used.  A  charge  of  10  grams  of 
explosive  was  tamped  with  dry  sand  to  the  mouth  of  the  bore  hole 
and  fired.  No  effort  was  made  to  confine  the  explosive  further  by 
means  of  plates  and  a  yoke.  The  expansion  of  the  bore  hole  was 
determined  in  cubic  centimeters  by  measuring  the  volume  of  the  bore 
hole  with  water  before  and  after  filing.  Each  result  herein  reported 
is  the  average  of  two  tests  agreeing  within  5  per  cent. 

SMALL    LEAD    BLOCKS. 

The  small  lead  blocks  are  cylindrical  in  shape,  2 J  inches  long,  and 
1J  inches  in  diameter.  Each  block  is  inclosed  in  a  piece  of  paper  in 
such  a  way  that  a  shell  in  which  to  place  the  charge  is  formed  above 
the  block.  An  annealed  steel  disk  1J  inches  in  diameter  and  one- 
fourth  inch  high  is  placed  on  top  of  the  block.  The  block  is  placed  on 
a  firm  horizontal  base  previous  to  firing  the  charge.  A  50-gram 
charge  of  normal  specific  gravity  is  used  in  these  tests.  The  electric 
detonator  is  centrally  placed  in  the  top  of  the  charge.  Compression 
of  the  lead  block  is  determined  in  millimeters  from  its  height  before 
and  after  the  explosion  of  the  charge.  Each  result  herein  reported 
is  the  average  of  two  tests  agreeing  within  5  per  cent.  This  test  is 
not  suitable  for  use  with  black  blasting  powder  as  it  provides  little 
confinement  for  the  charge. 

The  results  of  tests  made  to  determine  the  disruptive  effect  of  the 
various  classes  of  explosives,  as  measured  by  the  rate-of-detonation 
apparatus,  Trauzl  lead  blocks,  and  small  lead  blocks,  is  given  in  the 
accompanying  tabulation.  The  strength  of  40  per  cent  nitro- 
glycerin dynamite  is  taken  as  100  per  cent  and  the  values  for  other 
grades  are  computed  on  this  basis. 
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Results  of  tests  of  the  disruptive  effect  of  explosives. 


Class  and  grade  of  explosive. 
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dynamite 

40  per  cent  strength  ammonia  dyna- 
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a  A  primer  of  40  per  cent  "straight"  nitroglycerin  dynamite,  representing  10  per  cent  by  weight  of  flie 
charge,  was  used  in  all  the  tests  with  this  powder  except  those  with  the  Trauzl  lead  blocks,  and  the  energy 
produced  by  the  primer  is  not  included,  except  in  the  small  lead-block  tests. 

b  Black-powder  igniter  used. 


MEASUREMENT  OF  PROPULSIVE  EFFECT. 

The  apparatus  used  to  measure  approximately  the  propulsive 
effect  of  explosives,  which  corresponds  closely  to  their  heaving  or 
pushing  force,  are  the  Bichel  pressuregages  and  the  ballistic  pendulum. 

BICHEL    PRESSURE    GAGES. 

The  pressure  exerted  by  explosives  is  determined  by  means  of  the 
Bichel  pressure  gages.  The  test  determines  the  theoretical  maximum 
pressure  developed  by  an  explosive  in  its  own  volume  after  the  elim- 
ination of  the  cooling  influence  of  the  surface  of  a  gage. 

The  gages  comprise  two  stout  steel  cylinders  that  may  be  made 
air-tight,  each  having  an  insulated  plug  for  providing  a  means  of 
igniting  the  charge,  an  air  pump  and  proper  connections  for  exhaust- 
ing the  air  in  either  cylinder  io  an  absolute  pressure  of  10  mm.  of 
mercury,  a  valve  by  means  of  which  this  air  pump  can  be  isolated 
from  the  cylinder,  and  an  indicator  mechanism,  the  drum  of  which 
may  be  driven  by  a  motor  at  a  known  speed.  The  cover  of  each  cyl- 
inder is  a  heavy  piece  of  steel  held  in  place  by  12  heavy  stud  bolts 
and  an  iron  yoke.  The  piston  of  the  indicator  lias  a  diameter  of 
0.3037  cm.  and  is  resisted  by  one  of  several  spiral  springs  of  different 
strength.  The  particular  one  used  is  determined  by  the  character 
of  the  explosive  tested.  The  graphic  record  of  the  pressure  developed 
within  the  cylinder  is  recorded  on  a  paper  placed  on  the  circumfer- 
ence of  the  indicator  drum.  One  of  the  cylinders  has  a  capacity  of 
15  liters.     The  other  cylinder  is  similar  to  the  15-liter  cylinder  in  all 
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particulars  except  that  its  capacity  is  20  liters.  In  it,  however,  one 
or  three  steel  cylinders  are  placed  to  reduce  the  capacity  to  15  liters. 
The  15-liter  cylinder  has  a  cooling  surface  of  3,914  sq.  cm.  The 
20-liter  cylinder  has  a  cooling  surface,  when  the  one  large  steel  cylin- 
der is  in  place,  of  6,555  sq.  cm.,  or,  when  the  three  smaller  steel 
cylinders  are  in  place,  of  7,624  sq.  cm.  The  charge  of  explosive  used 
is  200  grams  plus  the  weight  of  the  paper  wrapper.  The  weight  of 
the  wrapper  bears  the  same  relation  to  the  weight  of  the  explosive 
used  in  the  test  that  it  bears  to  the  weight  of  the  explosive  in  the 
original  cartridge.      Each  result  is  the   computed  pressure  in  own 

VPS    . 

volume  as  determined  by  the  formula  M=  y^  ,  in  which  \  repre- 
sents the  volume  of  the  gage,  which  is  always  15,000  cubic  centi- 
meters; S,  specific  gravity  of  the  cartridge,  and  W,  the  weight  in 
grams  of  the  charge  used  in  the  test.  It  is  important  to  observe  the 
direct  effect  that  the  specific  gravity  has  on  the  computed  pressure 
in  own  volume,  because  any  increase  in  the  specific  gravity  gives 
a  corresponding  increase  in  the  computed  pressure  in  own  volume. 
This  relation  is  illustrated  in  the  case  of  the  30  per  cent  " straight" 
nitroglycerin  dynamite  in  the  table  on  page  47. 

P  is  determined  by  means  of  the  formula  P  =  1.911A  +  0.5B  — 
1.411C,  in  which  P  represents  the  pressure  with  elimination  of  cooling 
surface  and  probable  error;  A,  pressure  developed  with  cooling  surface 
of  3,914  sq.  cm.;  B  the  pressure  developed  with  cooling  surface  of 
6,555  sq.  cm.;  and  C  the  pressure  developed  with  cooling  surface 
of  7,624  sq.  cm.  This  formula  expresses  the  geometrical  relation 
obtained  by  platting  the  average  pressure  developed  in  two  tests, 
agreeing  within  5  per  cent  for  each  cooling  surface,  against  the  area 
of  the  cooling  surface,  the  line  drawn  through  the  three  points  being 
extended  to  the  ordinate  of  zero  cooling  surface.  By  platting  the 
pressures  against  the  cooling  surfaces  the  effects  of  the  cooling  sur- 
faces are  eliminated. 

BALLISTIC    PENDULUM. 

The  ballistic  pendulum  is  used  to  measure  the  deflective  force  of 
explosives.  The  apparatus  consists  of  a  12.2-inch  mortar  suspended 
as  a  pendulum  from  a  beam  having  knife  edges,  supported  by  two 
massive  concrete  piers,  a  cannon  mounted  on  a  truck,  a  track  upon 
which  the  truck  rests,  and  an  automatic  recording  device.  The 
mortar  weighs  31,600  pounds  and  hangs  in  two  U-shaped  rods.  The 
rods  pass  through  and  are  held  by  two  cast-steel  saddles  which  fit 
over  the  supported  beam.  The  radius  of  the  swing  measured  from 
the  pt  hit  of  the  knife  edges  to  the  center  of  the  trunnions  is  89 f 
inches 
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The  cannon  is  24  inches  in  diameter  and  36  inches  long,  and  its 
axial  bore  is  2{  inches  in  diameter  and  21  h,  inches  deep. 

The  swing  of  the  mortar  is  measured  by  an  automatic  recording 
device  which  consists  of  a  movable  scale  and  a  vernier  set  on  a  metal 
base  fastened  to  a  concrete  footing.  The  scale  is  actuated  by  a  long 
rod  set  in  guides  which  bears  against  a  stud  bolt  in  the  bottom  of  the 
mortar  directly  below  its  center  of  gravity.  The  scale  moves 
tangentially  to  the  swing  of  the  mortar;  the  radius  of  the  swing, 
measured  from  the  knife-edge  bearings  to  the  center  of  the  rod  or 
base  of  the  stud,  is  H4T7g-  inches.  The  swing  is  measured  to  one 
hundredths  of  an  inch.  The  standard  unit  of  comparison  is  a  charge 
of  227  grams  (one-half  pound)  of  40  per  cent  " straight"  nitroglycerin 
dynamite. 

The  explosive  to  be  tested  is  charged  in  the  cannon  without  air 
space  around  the  charge.  One  pound  of  dry  fire  clay  is  used  as 
stemming  to  confine  the  charge.  The  charge  is  fired  with  a  No.  6 
electric  detonator  and  each  result  reported  herein  is  the  average  of 
two  trials  agreeing  within  5  per  cent.  In  testing,  the  method  of 
procedure  is  as  follows: 

Two  trials  are  made  with  227  grams  of  the  Pittsburgh  station 
standard  40  per  cent  " straight"  nitroglycerin  dynamite,  and  the 
average  of  the  two  swings  is  taken  as  the  unit  swing.  One  pre- 
liminary trial,  or  more  if  necessary,  is  then  made  with  the  ex- 
plosives being  tested  to  determine  the  approximate  unit  deflective 
charge.  Two  trials  are  then  made  with  this  weight  of  explosive 
and  if  the  average  swing  of  these  two  trials  is  within  two-tenths 
of  an  inch  of  the  standard  swine:  the  unit  deflective  charge  is  com- 
puted  from  this  preliminary  charge  by  direct  proportion,  as  follows: 
The  average  swing  for  the  explosive  is  to  the  unit  swing  as  the 
trial  charge  is  to  the  unit  deflective  charge.  The  distance  of  the 
cannon  from  the  muzzle  of  the  mortar  is  always  one-sixteenth  of  an 
inch,  a  slight  separation  being  necessary  for  the  passage  of  the  legs  of 
the  electric  detonator  or  electric  igniter.  In  order  that  the  mortar 
may  always  hang  from  the  same  center  the  knife  edges  are  trammeled 
before  each  trial. 

The  results  of  tests  made  to  determine  the  propulsive  effect  of  the 
various  classes  of  explosives  as  measured  by  the  pressure  gages  °  and 
the  ballistic  pendulum  are  given  in  the  accompanying  tabulation. 

a  See  IJichel,  C.  E.,  New  methods  of  testing  explosives,  I  1-02. 
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Results  of  tests  of  the  propulsive  effect  of  explosives . 
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a  Seeming  discrepancy  due  to  difference  in  specific  gravity. 

6  The  low  calorific  value  is  due  to  the  rather  large  volume  of  hydrogen  and  carbon  monoxide  formed,  and 
to  the  fact  that  the  calorimeter  leaked  slightly  because  of  high  pressures. 

c  The  low  calorific  value  is  due  to  the  large  volume  of  hydrogen  and  carbon  monoxide  formed. 

d  No  correction  made  for  heat  of  condensation  of  water. 

«  A  primer  of  40  per  cent  ,;  straight "  nitroglycerin  dynamite,  representing  10  per  cent  by  weight  of  the 
charge,  was  used  in  all  tests,  but  the  energy  produced  by  the  primer  is  not  included. 

/  Black- powder  igniter  used. 


COMPARISON  OF  EXPLOSIVES  AS  TO  ENERGY. 

As  a  result  of  tests  the  tabulation  following  lias  been  prepared  to 
^how  a  comparison  of  various  classes  and  grade's  of  explosives  as  to 
potential  energy  and  disruptive  and  propulsive  effects. 

The  percentage  strength  representing  potential  energy  is  the  result 
obtained  with  tests  with  the  calorimeter;  the  percentage  strength 
representing  disruptive  effect  is  the  average  of  the  rate  of  detonation, 
Trauzl  lead  block,  and  small  lead  block  percentages;  and  the  per- 
centage strength  representing  propulsive  effect  is  the  average  of  the 
pressure-gage  and  the  ballistic-pendulum  percentages.  In  each  case 
the  40  per  cent  " straight"  nitroglycerin  dynamite  is  taken  as  the 
unit  of  comparison  with  a  value  of  100  per  cent. 
57258°— 13 4 
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Its  of  tests  to  determine  potential  energy  and  disruptive  and  propulsive  effects  of 

explosives. 


Class  and  grade. 

Percent  age 
strength  repre- 
senting 
potential 
energy. 

Average    per- 
centage 
strength  repre- 
senting disrup- 
tive effect. 

A  verage  per- 
cenl 
strength  repre- 
ing  pro- 
pulsive effect. 

30  per  cent  "straight"  nitroglycerin  dynamite 

93.1 
100.0 
111.0 
104.  0 

60.2 
101.8 
105.7 

67.6 

71.6 

84.1 
100.0 

109.  2 
119.8 
93.5 
07.  9 
78.4 
21.6 

90.8 

100.0 

107.4 

114.9 

91.2 

99.1 

95.8 

53.3 

5S.6 

40  per  cent  "straight"  nitroglycerin  dynamite 

50  per  cent  "straight "  nitroglycerin  dynamite 

<0  per  cent  "straight"  nitroglycerin  dynamite. . 

CO  per  cent  strength  low-freezing  dynamite 

40  per  cent  strength  ammonia  dynamite 

40  per  cent  strength  gelatin  dynamite 

5  per  cent  granulated  nitroglycerin  powder. . 

Black  blasting  powder 

The  relative  disruptive  and  propulsive  effects  tabulated  above  are 
shown  graphically  in  figure  7. 

PRACTICAL  VALUE   OF   PHYSICAL  TESTS. 

The  figures  given  in  the  foregoing  table  are  fairly  consistent  with 
general  practice,  and  it  is  believed  that  the  classification  will  serve  as 


EXPLOSIVE 


Black  Wasting  powder  (FFF) 

6  per  cent  granulated  powder 

10  per  cent  strength  ammonia  dynamite 

40  per  cent  strength  gelatin  dynamite 

30  per  cent  "straight"  nitroglycerin  dynamite 

CO  per  cent  strength  low-freezing  dynamite 

40  per  cent  "straight"  nitroglycerin  dynamite  |H 

50  per  cent  "straight"  nitroglycerin  dynamite 

60  per  cent  "straight"  nitroglycerin  dynamite 


Disruptive  effect,  per  cent. 
10  20  30  40  50  00  70  80  90100  110 
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Propulsive  effect,  per  cent. 
10  20  30  40  50  60  70  80  90100110 
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Figure  7. — Comparative  energies  of  commercial  explosives.  Disruptive  effect  indicated  represents 
averages  of  energies  developed  in  tbc  Trauzl  lead-block,  small  lead  block,  and  rate-of-dctonation  tests; 
propulsive  effect  indicated  represents  averages  of  ballistic-pendulum  and  pressure-gage  tests. 

a  useful  guide  for  comparing  the  practical  value  of  explosives.  It  is 
worthy  of  note  that  the  potential  energy  of  40  per  cent  strength 
ammonia  dynamite  and  of  40  per  cent  strength  gelatin  dynamite 
(that  is,  the  theoretical  maximum  work  that  these  explosives  can 
accomplish)  is  higher  than  that  of  40  per  cent  "straight"  nitro- 
glycerin dynamite,  but  that  the  disruptive  and  propulsive  effects, 
which  represent  the  useful  work  done  as  shown  by  actual  tests,  are 
less  than  those  of  40  per  cent  dynamite.  Accordingly,  40  per  cent 
"straight"  nitroglycerin  dynamite  is  more4  economical  for  general 
use  in  blasting  operations  if  the  conditions  and  character  of  the  work 
are  such  as  to  permit  its  use;  nevertheless,  tin4  40  per  cent  strength 
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ammonia  dynamite  iuu\  the  40  per  cent  strength  gelatin  dynamite 
are  more  efficient  and  economical  for  certain  kinds  of  work  that 
require  explosives  having  a  large  propulsive  effect  and  a  com- 
paratively small  disruptive  effect.  For  example,  in  blasting  soft 
rock,  40  per  cent  "straight"  nitroglycerin  dynamite,  which  has  a 
very  high  percussive  force,  may  be  too  quick  in  action,  whereas  the 
ammonia  dynamite  or  the  gelatin  dynamite  having  practically  the 
same  heaving  and  pushing  action  and  less  percussive  force  will  be 
more  suitable.  The  tests  also  show  that  60  per  cent  strength  low- 
freezing  dynamite  is  not  quite  equivalent  to  the  40  per  cent  "straight" 
nitroglycerin  dynamite.  The  60  per  cent  strength  low-freezing 
dynamite  contained,  by  analysis,  2.61  per  cent  moisture  and  41.43  per 
cent  nitroglycerin.  This  content  may  be  cited  as  one  of  the  many 
reasons  for  the  need  of  uniform  rating  of  explosives  in  this  country. 
It  is  worthy  of  note  that  black  blasting  powder  has  little  disruptive 
effect ;  it  has  only  about  one-third  ol  the  disruptive  effect  of  granulated 
nitroglycerin  powder. 

PUBLICATIONS    ON   MINE  ACCIDENTS  AND  TESTS    OF 

EXPLOSIVES. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C: 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh, 
by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.     1911.     197  pp.,  7  pis. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.     61  pp.,  10  pis.     Reprint  of  United  States  Geological  Survey  Bulletin  423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by  J.  C.  W. 
Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.  Reprint  of 
United  States  Geological  Survey  Bulletin  425. 

Bulletin  44.  First  national  mine-safety  demonstration,  by  H.  M.  Wilson  and  A.  H. 
Fay,  with  a  chapter  on  the  explosion  at  the  experimental  mine,  by  G.  S.  Rice. 
1912.     75  pp.,  7  pis. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H.  Clark. 
1912.     44  pp.,  6  pis. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose 
and  equipment,  by  H.  H.  Clark.     1911.     12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.     1912.     28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.     1912.     15  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snell- 
ing and  C.  G.  Storm.     1912.     14  pp.,  1  pi. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Bur- 
rell and  F.  M.  Seibert.     1912.     16  pp. 
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Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  0.  Snelling  and  Clarence  Hall.     1912.     20  pp. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     34  pp.,  1  pi. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by  H.  H. 
Clark.     1912.     14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recommen- 
dations, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint 
of  United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  23.  Ignition  of  mine  gas  by  miniature  electric  lamps,  by  H.  II. 
Clark.     1912.     5  pp. 

Technical  Paper  24.  Mine  fires,   a  preliminary  study,   by  G.   S.   Rice.     1912. 

51  pp. 

Technical  Paper  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps,  by 
H.  H.  Clark.     1912.     8  pp. 

Miners'  Circular  3.  Coal-dust  explosions,  by  G.  S.  Rice.     1911.     22  pp. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing  apparatus,  by 
J.W.Paul.     1911.     24  pp. 

Miners'  Circular  5.  Electrical  accidents  in  mines,  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberts,  L.  C  Ilsley,  and  H.  F.  Randolph.  1912.  10  pp., 
3  pis. 

Miners'  Circular  6.  Permissible  explosives  tested  prior  to  January  1,  1912,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.     1912.     20  pp. 

Miners'  Circular  9.  Accidents  from  falls  of  roof  and  coal,  by  G.  S.  Rice.  1912. 
16  pp. 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1913. 
14  pp. 
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